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NEW SUBSTITUTED A2ET1DIN0NES AS ANTI-INFLAMMATORY AND ANTIOEGENERATtVE AGENTS 
BACKGROUND OF THE INVENTION 

We have found mat a group of new substituted azetidinones are potent elastase inhibitors and ther fore 
are useful anti-inflammatory/antidegenerative agents. 

Proteases from granulocytes and macrophages have been reported to be responsible for the chronic 
tissue destruct.cn mechanisms associated with inflammation, including rheumatoid arthritis and emohv- 
sema. Accordingly, specific and selective inhibitors of these proteases are candidates for potent anti- 
inflammatory agents useful in the treatment of inflammatory conditions resulting in connective tissue 
destruction, e.g. rheumatoid arthritis, emphysema, bronchial inflammation, osteoarthritis, spondylitis luous 
psonas.s. atherosclerosis, sepsis, septicemia, shock, periodontitis, cystic fibrosis and acute respiratory 
distress syndrome. ~ «y»«iory 

The role of proteases from granulocytes, leukocytes or macrophages are related to a rapid series of 
events which occurs during the progression of an inflammatory condition: 

(1) There is a rapid production of prostaglandins (PG) and related compounds synthesized from 
arach.don.c acid. This PG synthesis has been shown to be inhibited by aspirin-related nonsteroidal anti- 
inflammatory agents including indomethacin and phenylbutazone. There is some evidence that orot as 
inhibitors prevent PG production; 

(2) There is also a change in vascular permeability which causes a leakage of fluid into the inflamed 
site and the resulting edema is generally used as a marker for measuring the degree of inflammation This 
process has been found to be induced by the proteolytic or peptide cleaving activity of proteas s 
especially those contained in the granulocyte, and thereby can be inhibited by various synthetic protease 
inhibitors, for example. N-acyl benzisothiazolones and the respective 1.1-dioxides. Morris Zimmerman et al 
J. Biol. Chem. . 255 . 9848 (1980); and 

(3) There is an appearance and'or presence of lymphoid cells, especially macrophages and 
as polymorphonuclear leukocytes (PMN). It has been known that a variety of proteases are re.eased from th 

macrophages and PMN. further indicating that the proteases do play an important role in inflammation. 

In general, proteases are an important fam.iy of enzymes within the peptide bond cleaving enzymes 
whose members are essential to a variety of normal biological activities, such as digestion, formation and 

30 dissolution of blood clots, the formation of active forms of hormones, the immune reaction to foreign c°lls 
and organ,sms. etc.. and in pathological conditions such as the degradation of .structural- proteins at the 
articular camlagapannus junction in rheumatoid arthntis etc. 

Elastase is one of the proteases. It is an enzyme capable of hydrolyzing the connective tissue 
component elastin. a property not contained by the bulk of the proteases present in mammals. It acts on a 

3S protein s nonterminal bonds which are adjacent to an aliphatic amino acid. Neutrophil elastase is of 
particular interest because it has the broadest spectrum of activity against natural connective tissue 
substrates. In particular, the elastase of the granulocyte is important because, as described above, 
granulocytes participate in acute inflammation and m acute exacerbation of chronic forms of inflammation 
wmch charactenze many clinically important inflammatory diseases. 

40 ». Proteases may 68 '"activated by inhibitors wn 1C h block the active site of the enzyme by binding tightly 
thereto. Naturally occurring protease inhibitors form part of the control or defense mechanisms that are 
crucial to the well-being of an organism. Without these control mechanisms, the proteases would destroy 
any protein within reach. The naturally occurring enzyme inhibitors have been shown to have appropriate 
configurations which allow them to bind tightly to the enzyme. This configuration is part of the reason that 

as mjntors bind to the enzyme so tightly (see Stroud. "A Family of Protein-Cutting Proteins" Sci. Am. Julv 
1974. pp. 74-88). For example, one of the natural inhibitors. a< -Antitrypsin, is a glycoproteincontamed in 
human serum that has a wide inhibitory spectrum covering, among other enzymes, elastase both from th 
pancreas and the PMN. This inhibitor is hydroiyzed by the proteases to form a stable acyl enzyme in which 
the activ site is n tong r available. Mark d reducti n in serum at -antitrypsin, either genetic or du to 

so oxidants, has been associated with pulmonary emphysema which is a diseas characterized by a 
progressive loss of lung elasticity and resulting respiratory difficulty. It has been reported that this loss of 
lung elasticity, is caused by the progressiv . uncontrolled proteolysis or destruction of th structure of lung 
tissue by proteases such as elastase released from I ukocytes. J. C. Powers. TIBS. 21 1 (1976). 

Rheumatoid arthritis is characterized by a progressive destruction of arfcuIaTcartilage both on the free 
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surface bordering the joint space and at the erosion front built up by synovial tissue toward the cartilage. 
This destruction process, in turn, is attributed to the protein-cutting enzyme elastase which is a neutral 
protease present in human granulocytes. This conclusion has been supported by the following observations: 

(1) Recent histochemicaJ investigations showed the accumulation of granulocytes at the 
5 cartilage/pannus junction in rheumatoid arthritis; and 

(2) a recent investigation of mechanical behavior of cartilage in response to attack by purified 
elastase demonstrated the direct participation of granulocyte enzymes, especially elastase. in rheumatoid 
cartilage destruction. H. Menninger et aL, in Biological Functions of Proteinases . H. Holzer and H. 
Tschesche. eds. Springer- Verlag, Berlin. Heidelberg, New York, pp. 196-206, 1979. 

io 

Accordingly, an object of this invention is to discover new protease inhibitors, especially elastase 
inhibitors, useful for controlling tissue damage and various inflammatory or degenerative conditions 
mediated by proteases particularly elastase. 

Another object of . the present invention is to provide pharmaceutical compositions for administering the 
is active substituted azetidinones as protease inhibitors especially human leukocyte elastase. 

Still a further object of this invention is to provide a method of controlling inflammatory conditions by 
administering a sufficient amount of one or more of the active, substituted azetidinones in a mammalian 
species in need of such treatment. 



DETAILED DESCRIPTION OF THE INVENTION 

This invention relates to potent elastase inhibitors of formula (I) which are useful in the prevention, 
control and treatment of inflammatory/degenerative conditions especially arthritis and emphysema. 

A large number of the azetidinone derivatives of formula (I) are known antibiotics which have been 
described in patents and various publications. 

The formula of the substituted azetidinones which are found to exhibit anti-inflammatory and an* 
tidegenerative activities by the present invention are represented as follows: 




wherein 

R can be at the a or the ^-position and is hydrogen, straight or branched loweraikyi esoecially 

C* - 5 alkyl. such as methyl, ethyl, n- or i-propyl, butyl, pentyl or hexyl; or loweraikyi substituted with a radical 
to R 4 as defined below: or halo such as fluoro. chloro or bromo: 
R 1 can be at the a- or the ^-position and is 

{1) OB or -S(0)„B wherein B is as defined below and n is 0. 1 or 2: 

(2) Straight or branched loweralkenyl especially C 2 - 3 alkenyl such as vinyl, ally!, -CH : CH = C(CH-w 2 . 
and -CH 2 CH 2 CH = CH2; 
as (3) loweraikyi as defined above: 

(4) acylammo e.g. 

V V - 

CHO N CF3CO N CH^CO N 
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(6) Straight or branched loweralkynyl group especially C 3 -*aJkynyl such as -C-CH. -CH 2 -C-CH ana 
-OH 2 CH 2 -C-CCH 3 ; 

(7) An ary! group having 6-14 carbon atoms as described below such as phenyl of formula 



wherein X$ and X* independently are: 

I) Q, where Q is H, loweralkyl, haloioweralkyl. phenyl or substituted phenyl as previously defined, or 
naphthyl; 

?5 2) halo, 

3) loweralkenyl; 

4) loweralkynyl; 

5) -SQ: 

6) -OQ: 

20 7) -CHQCOQ 1 . where Q 1 is defined as Q and Q 1 can be the same as or different from Q: 
8) -CHQCOOQ' such as CHjCOOH: 
.9) -CH 2 SQ; 
10) -CHQSQ'; 

II) -CH 2 OQ or -CHOCO 1 especially -CH 2 OH and -CH 2 OCH 3 : 
25 12) -COQ for example. -COCH 3 and -<CO)H: 

13) -COOQ especially -COOH and COOt-Bu: 

14) -OCOQ such as -OCOCH3; 

15) -NQQ : ; 

16) -NQCOCT especially -NHCOCH 3 ; 
jo 17) -CH 2 NH 2 or -CH 2 N(CH 3 ) 3 |-; 

18) -CH 2 OCOCH 3 ; 

19) -NQS0 2 Q ! ; 

20) -S0 2 NQQ'; 

21) -SOQ. 

35 22)-S0 2 Q: - - 

23) -S0 3 Q: 

24) -CN: 

25) -N0 2 ; 

26) -CONQQ 1 ; 
40 27) -NO; 

28) -CSQ: 

29) -CSNQQ 1 ; 

30) -CF 2 SO: 

31) -CF 2 0Q: 

45 32) -NQCONHQ ! or NQCONQ'Q 2 where Q 2 is defined as Q 1 and Q 2 can be the same as or different from 
Q 1 ; 

33) -CH 2 Y wherein Y represents -CH(NHAC)COO-. CH(NH 3 ) 000", CH 2 C0OH. COOH. -N(CH 3 ) 2 . OH, 
CH 2 N(CH 3 ) 2 , or CH 2 OH; 

34) -CH(C- -4 alkyl); 

50 35) -NH(CO)CH 2 CH 2 COOH; 
36) 



5 
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or 

37) -CO-NH-SO, phenyl or substituted phenyl such as p-chlorophenyl; 
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8) heteroaryl such as unsubstituted or substituted fury!, thienyl, thiazolyl. pyrryl. pyrimidinyl, pyndyi. 
oxazolyl. tetrazolyi or imtdazolyl wherein th substituents are as those described for substituted phenyls; 

9) aralkyl especially phenyl O -4 alkyl such as benzyl of formula 




20 

or phenethyl; 

(10) halo such as F. CI. Br or I; 

(11) N 3 ; 

(12) hydrogen; 

25 (13) R and FV may join together and form a cycloaikyl such as a Ci -*cycloalkyl. e.g.. cyclopentane. 

= C(B)(BO or =0 (oxo) wherein B and Bi independently are as defined below; 

(14) -CH 2 0O -* alkyl especially *CH 2 OCH 3 and -CH 2 OC 2 H 5 ; 

(15) -CH 2 CH 2 OCi-*alkyl especially -CH 2 CH 2 OC 2 H ? ; 

R 2 and R 3 can be at the a or the ^-position and independently are 
30 (1) B as defined below: 

(2) -CONBB- wherein B and B« independently represent 

(a) H; 

(b) straight or branched alkyl having from 1 to 20 carbon atoms, preferrably Chalky! such as methyl, 
ethyl, isopropyl, t-butyl, pentyl or hexyi; 

35 (c) aryl having from 6 to 14 carbon atoms such as phenyl or substituted phenyl of formula 




naphthyl or substituted naphthyi of formula 

45 



50 




or anthracyl or substituted anthracyl of formula 
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5 



or 

10 



15 




(d) cycloalkyl having from 3 to 8 carbon atoms especially cyclopropyl. cyclopentyl or cyclohexyl; 

(e) straight or branched aikenyl having from 2 to 20 cartoon atoms, for example, allyl; 

(f) straight or branched alkynyl having from 2 to 20 cartoon atoms, for example. -C»CH; 

(g) aralkyl, aikaryl, araikenyl, aralkynyl. alkenylaryl or 

alkynylaryl wherein alky I, aryl, aikenyl and alkynyl are as previously defined for example. Ci-salkylphenyl 
of formula 



30 



^H(C 1 ^ 6 alkyl)(CH 2 ) r-1 




wherein r is Mo 6, O-salkyl naphthyl of formula 



jo 



J5 

or 



so 




(h) heteroaryl comprising monoheteroaryl. di- or polyh teroaryl. or fused heteroaryl containing from 1 to 3 of 
any one or mor of the heteroatoms N, S or O in each heteroaryl ring thereof, for example, pyridyl. pyrryl. 
such as 
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thienyl, isothiazolyl, imidazolyl such as 

70 



is 




tetrazolyi such as 

20 

' | or -/> 

CH 2 OC 6 H 5 




pyrazinyl, pyrimidyl. quinolyl. isoquinolyl. tetrahydroisoquinolyl such as 

30 



35 



JO 




benzothienyl. benzofuryl such as 




or 



50 



pyrazolyl. indolyl. purinyl. carbazolyl. isoxazolyl and the like: 

W heterokrylalkyl such as 2-pyridylmethy.. 2-thieny.methy. and 3-,soth,azolylethy.: or 

(j) heterocycloalkyl e.g.. 1 .3-dioxacyclohex-4-yl. pipendino. 



55 



7 



EP 0 337 549 A1 



CH .COOH 

X 

R-N -4- 

V 



H COOH 




morpholino. oxacyclopropyl, pyrrolidine, benzothiazolino. imidazolidino. pyrazolidino. and piperazino: 
(k) heterocycloalkenyl such as pyrrolino. 2-imidazolino. 3-pyrazolino or isoindolino; 

(I) 8 and Bi joined together and form a heterocyclic ring containing at least one N-atom and optionally 1 to 
3 of the heteroatoms. N, S. or 0, e.g., 




the above groups (a)-<l) can be unsubstituted or can be substituted by one or more radicai R* selected from 
the group consisting of loweralkyl. hydroxy, aryloxy (OAr), alkoxy. halo, nitro. loweralkylthio. arylthio. 
mercapto. amino, monoalkyl or dialkyl substituted amino, cyano, carboxy, loweraikanoyl, Ar(C = 0). 
aminosulfonyl. aminosulfenyl. aminosulfinyi. carbamoyl, carbamoyloxy. -S(0) n R-, S0 3 R 5 , -P(0) Q R 5 iwhere q 
is 1 or 2 and R 5 is H, C»-^ alkyl. aralkyl or aryl as previously defined), azido. carboxamido or N-substituted 
carcoxamido; 

(3) -S(0)„8: 

(4) -S(0)„N8Bi ; 

(5) -N(B)S(0) n Bt; 

(6) -P(0) q BBi ; 

(7) -C(0)B especially acetyl, benzoyl, e.g., p-chlorobenzoyl. p-methylbenzoyl and p-aminosulfonyl- 
benzoyl; 

(8) -OB especially -OCi-«alkyl, phenoxy or substituted phenoxy of formula 




(9) -COOB, -0C(0)0B or OC(0)NBB< ; 

(10) -0-C(0)-B especially C»-*alkanoyloxy such as acetyloxy: 

(11) cyano; 

(12) -S-C(0)-B especially Ci-«alkanoylthio such as acetylthio; or 

(13) R 2 and R 3 may join and form =C(BiK8). a Ci-*cycloaJkyl for example, cyclopentyl, and =0- 
(0X0); 

A is 

(1) -O-C(0)-B; 

(2) -S(0)„B; 

(3) -S(0) n NBBi; 
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(4) -C(0)B: 

(5) SO3-M* wherein M represents 

(a) an alkali anion such as Na . K ; or 

(b) a quaternary ammonium group of formula N*(R S U. for example. (n-BuKN : 

5 (6) substituted or unsubstituted phosphoryl or phosphonyt such as -P(0) 3 (R 5 )2 or -P(0)iR s ; 

(7) -C(0)NBBi especially -CON(C 2 H 5 )Phenyl and -CONHB:, wherein B1 is 

(a) -<CH 2 ) r Ph. or CH(C,-<alkyl)(CH 2 ) M Ph, e.g. -CH<C 2 H 5 >-Ph. .CH(C 3 H 7 >-Ph. -CH-(allyl)-Ph, -CH<C 2 H 5 >- 
CH 2 Ph or -CH(CH 3 )-Ph wherein Ph represents phenyl or substituted pheqyl as previously defined, for 
examples. 4-methyl-phenyl. 4-methoxyphenyl. 4-N.N-dimethyl-amino-phenyl. 4-benryloxy-phenyl, 4-phenyl- 

to phenyl. 3,4-methylenedioxy-phenyl. and 3.4-dimethyl-phenyl; m 

(b) KCH 2 ) r (Naphr especially -CH 2 (Naph) or -CH(C 2 H 5 )(Naph) wherein (Naph) is a or £-naphthyl or substi- 
tuted naphthyl as previously defined: , * 

(c) -<CH 2 ),(Ar) especially -CH 2 CH 2 Ar or -CH 2 Ar wherein Ar represents heteroaryl especially 2-thienyl. 2- 

furyl. 3-thienyl, or benzofuryl; 
is (d) -(CH 2 ) f OPh especially -CH 2 CH 2 CH 2 OPh; 

(e) -<CH 2 ),CH(OH)Ph; 

(f) -<CH 2 ),(CO)Ph: 

(9) 



20 



25 



30 




(h) 



35 



(i) -CH 2 «Ph(p-CO-NH-S0 2 -Ph(p-C!)); 

(j) 



-CH 2 — ^^-COOC 2 H 5 ; 




or 
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(I) -CH(CH 3 )-Ph(p-cyclohexyl); 

OOCH^PhScS a,k0XyCarb0nyL e '9- m ethoxycart5onyl. and -ethoxycartoonyl or C 

(9) halo Ci -*alkyl such as trifluoromethyl; 

nru U°i ^L^?* 3 "* "O-CHHphenyl or substituted phenyl as previously defined), for example, 
-OCH 2 C 6 H 5 ; -OCHjCjhU-OCHa; or OCH 2 C«H*N0 2 ; 

(11) silyl such as -Si(CH 3 h(t-Bu): 

(12) B especially H, Ci - 5 alkyl. CH 2 OH. -CH 2 0(CO)CH 3 . phenyl or substituted phenyl. -CHR*L wh re 
,s ? s P rev, ously defined and L is a good leaving group comprising OAc. SAc. halogen, OR*. SR 5 SOR c - 

S0 2 R 5 , OTs, OCOCF 3 , and mesyl wherein Ac is acetyl: and Ts is tosyl- or 
(13) 

-C(0)NHS0 2 — Oi 3 . 



Preferably, the compounds of the present invention are of formula (I) wherein: 
R is hydrogen: or Ci -5 alkyl: 
R ! is 

(1) C:s alkyl especially methyl or ethyl 

(2) OR 5 : 

(3) phenyl of formula 




(4) hydrogen: 

(5) benzyl of formula 




(6) CH 2 OC« -^alkyl or -CH 2 CH 2 OC- alkyl; 

(7) C 2 - 8 alkenyl: or 

(8) R and R' may join together and form a cyciopentane; 
R 2 and R 3 independently are 

(1) hydrogen: 

(2) S(0)„R 5 ; 

(3) COOS: 

(4) CONBBt : 

(5) OB: 

(6) alkyl; 

(7) phenyl or substituted phenyl as previously defined; 

(8) naphthyl as previously defined; 

(9) cyclohexyl; 

(10) benzyl as previously defined: 

(11) heteroaryl selected from a group consisting of imidazolyl, benzofuryl and tetrahydroisoquinolyl: 

(12) h terocycioaikyl such as 
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,o (13) C(0)B; 

A is 

(1) SOR 5 ; 

(2) SOiR 5 ; 

(3) COOB; 
, 5 (4) C(0)B; 

(5) CONBBi wherein B and Bi independently are; 

(a) H; 

(b) C* -$ alky I; 

(c) -{CH 2 ) r Ph where r represents 1 or 2 and Ph represents phenyl or substituted phenyl as previously 
20 defined; 

(d) CH(C 1-5 alky l)(CH 2 ) r .,Ph where Ph is as defined above; 

(6) phenyl or substituted phenyl as previously defined such as p-methoxyphenyl, p-mtrophenyi and 

p-methylphenyl; 

(7) Ci-i alky I; 
25 (8) CH 2 OH; 

(9) CH 2 OC(0)CH 3 ; or 

(10) -C(0)NHS0 2 -Ph(p-CH 3 ). 

Even more preferably, the compounds of me present invention are of formula (I) wherein 
30 R is hydrogen or C. - 3 alkyl; 
R* is 

(1) hydrogen; 

(2) C*-«alkyl: 

(3) C.-«;alkoxy such as methoxy: 

(4) C 2 -*alkenyl; 

(5) phenyl or substituted phenyl as previously defined; or 

(6) CH2OC1-3 alkyl; 
R 2 is hydrogen; 
R2 is 

(1) S(0)„R 5 ; 

(2) CONBBi ; 

(3) COOB; 

(4) phenoxy or substituted phenoxy: 

(5) imidazolyl; or 

(6) substituted or unsubstituted alkoxy. for examples. OCH 3 or -OCH 2 CONH 2 ; 

A m C0.R 5 wherein R* is H. C, aikyl. -CH 2 Ph. -CH(CH 3 )Ph. -CH<C 2 Hs)Ph, CH(C3H 7 )Ph or CH- 
(C 3 H 5 )Ph wherein Ph represents phenyl or substituted phenyl as previously defined; 

(2) CONHR 5 ; or 

(3) S0 2 R 5 . 



35 



JO 



45 



50 



The most preferred compounds of the present invention are listed in the following table. 



55 
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-or 



COOH or CH-COOH 



CO-NH-R" 



R 


R 1 


R5 


C 2 H 5 


CH 3 


CH(CH 3 )Ph 


C 2 H 5 


CjHs 


CH 2 -(4-Ph-Ph) 


C 2 H, 


CH 3 


CH(C 2 H s )Ph 


C 2 H S 


CjH 5 


CH(C 2 H s )Ph 


C 2 H 5 


CHjOCHs 


CH(C 2 H s )Ph 


C2H5 


C 2 H 5 


CH(C 3 H7H4-CH 3 -Ph) 


C 2 H 5 


C 2 H, 


CH(C 3 H 5 H4-CH 3 -Ph) 


C 2 H 5 


C 2 H 5 


CH(C 3 H 7 )Ph 


C 2 H 5 


C 2 H 5 


CH(C 3 H 7 H3.4-methy lenedioxy-Ph) 


C 2 H, 


C 2 H, 


CH(C 3 H 5 H3.4-methy lenedioxy-Ph ) 



In the above table, Ph represents phenyl or substituted phenyl as previously defined. 
The compounds of the present invention are either known or are prepared among other methods by the 
following representative schemes. 



Scheme (a) 

as illustrated by Examples 16-19. 
J. 1 

„ — f^° C0CT 3 
0 



%£ ^ri 



4 — * 



Ac. CKj'O 



Base 



0 «* n *»«2— « 



B4S« 



* v 



"*-~Nai,oz • J— 



^..02 



wherein 

Y is -N0 2 , -CH 3 . -OCHj, -CI. -F, etc: 
X is halo. e.g.. CI. Br or I; 
Z is BCO or BS02. 
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Scheme (b) 



as illustrated by Examples 1-4. 



J— UK or 2,0 (whan Z • .U.noyl) 0 ***->^ 2 



70 



wherein 

Z is ^previously defined, e.g.. -S02-{p-N0 2 -Ph). -COCH 3 . -CH 2 OTs, etc. wherein Ph represents phenyl or 
; 5 substituted phenyl. 

Scheme(c) 



as illustrated by Examples 5-15 

20 



25 



I A. 

Me 



^COOR* 

"a. 



] ffCM-CCCi 
t 

1 \/ X .COO 

30 T"™j ReOuctton s p 



35 



00 



! R'COx 

j CAN/ 



n 



^ nK 2) 8u 4 N* 

x is nolo 3 



wherein 

R« is H, CF 3 . CH 3 , etc.; 

R 3 and R' are as previously defined: and 

CAN is cerric ammonium nitrate. 

Scheme (d) 

as illustrated by Examples 2-3. 



55 
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jo 



Scheme (e) 

as taught by M. A. Krook and M. J. Miller (J. Org. Chem.. 1983. 50. 1126-1128). the followino tvoe of 
compounds can be prepared. — 



75 



RHtt 



)H 



RHN, 



KsCL 



20 



RHN 



NH0CH 2 Ph 



,OMs 



NH0CH 2 ?h 



25 



A 

RHN 4/ t " BU ° K 



CH,PI 



30 



Scheme (f) 

as taught by Hart. 0. J. et al.. (J. Org. Chem.. 48. pp. 289-294. 1983); the following class of compounds can 
be prepared. 



35 



R 2 CH0 + LiN(TMS) ■ 



R /*"CHC00R 3 



■^rch =■ N(-ras)' 

R l ^OLi 



- c 



•OR 3 J 



\ 



-SB 



wherein R 5 is as previously defined: and 
TMS is trimethylsiiyl. 

Scheme (g) 

as taught by P. J. Reider and E J. J. Grabowski (Tet. Lett. 23. p. 2293. 1982); the following groups of 
compounds can be prepared. 

50 
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,COOM 

r oNM 2 



iooH 



1) PhCMjOH/M 

2) TMSC1 



:ooc« 2 Ph 



:ooh 



tBu 



ro 




t l COOB 




OOM 



15 

wherein R 1 is as previously defined. 
Scheme (h) 
20 as illustrated by Examples 20 and 21: 



25 



30 



1 i :>»-x J il ^ 



x 5 



2^.jn^ — » / 



i 1 < 



35 



(can •rtp«r«4 
rii icM«ts (e) or (dy 



JO 




This invention also relates to a method of treating inflammation in patients using a compound of 
Formula (1) oarticulariy a preferred compound as the active constituent 
, T^ beeTfound that the compounds of Formula (!) are effective .nhibitors of the proteose funcfon of 
45 human granulocyte elastase as shown below: 



50 
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TABLE I 
IT 

•it- 

10 



15 


R 


i 

R 


2 

R 


I0 so 

A (U9/«»U 


Ki 

(pM) (M" 


obs 
1 -1 
sec ) 


20 


H 
H 


H 
H 


SOCM 3 
OCOCH 3 


COCH. 
3 

COCH, 
3 


10.00 
3.00 








H 


C 2 H 5 


OCOCH 3 


H 


15.00 








H 


C 2 H 5 


OCOCH 3 


3 


0.10 


0.36 


15100 


25 


H 


n-propyl 


OCOCH 3 


3 


0.01 








H 


C.H e (trans) 


COOC 2 H 5 


H 


10.00 








H 


H 


C0OCH 2 C 6 H 5 


S0 2 (P - C 6 H 4- W0 2 ) 


3.00 






30 


CH 3 




OCOCH 3 


COCH 3 


0.50 








H 


C 6 H 5 (tran$) 


COOC 2 H 5 


SO 2 ( P -C 6 H 4 -N0 2 ) 


4.00 








H 


C 6 H 5 (ci$) 




S0 2 (p-C 6 H 4 ^ 2 ) 


3.00 






35 


H 
H 


CH 3 0 
n-p ropy! 


COOCH 2 C 6 H 5 
0COCH 3 


COCH 3 
S0 3 (8u) 4 N* 


2.00 
8^00 








H 


C £ H 3 (cis) 


COOC 2 H 5 


S0 2 (p-C 6 H 4 -N0 2 ) 


0.02 








H 


C £ H 5 (cis) 


cooc 2 M g 


so 2 (p^ 6 V*V 


0.05 




3925 


40 


H 


C 2 H $ (trans) 


C0OC 2 H 5 


S0 2 (p^ 6 H 4 ^0 2 ) 


0.05 




39300 




M 


C 2 H $ (trans) 


C0OC 2 H g 


so 2 (p^: 6 h 4 -ch 3 ) 


0.01 








H 


n-propyl (trans) 


C0OC 2 H 5 


SO 2 (p-C 6 H 4 ^0 2 ) 


0.06 






J5 


H 


CH 3 CHCH (cis) 


COOC 2 H 5 


so 2 (,h: 6 m 4 ^o 2 ) 


0.05 








H 


Ch^CH 


p-(C 6 H 4 ^0 2 ) 


H 


1.50 








H 


C 2 H 5 


OCOCH^COOH 


COCH 3 




2.00 


4514 


50 


H 


C 2 H $ (trans) 


OCOPh 


COCH 3 




0.19 


si oca 
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tabi C I (Continued) 



10 



SO _, 
(llg/ml) <yM) (H sec ) 



C 2 H 5 {CH) 




C0CH 3 * 


0.21 


28500 


C 2 H 5 

C 2 M 5 (cis) 


0C0CH 3 


C0CM 2 CH 2 C00H 
COPh 


1.43 
0.14 


2250 


C 2 H 5 (trans) 




COPh 


0.34 


76600 


C 2 H 5 (tran$) 


urn 


C0CH 3 


4.30 


5270 


C 2 H $ (trans) 


oc 2 h 5 


C0CH 3 


11.90 


1670 


C 2 H 5 (trans) 


grh— p— CUOn 


C0CH 3 


3.40 


8727 


C H_ (trans) 
2 5 

C 2 M 5 (trans) 


OPh-p-COOM 


cooc 2 h 5 


2.10 


8680 


OPh-p-COOH 


C0NHCH 3 


16.50 




C 2 M 5 (cis) 


C0N(CH 2 ) 4 




27.70 


541 


(cis) 


COOCH^CJ^-p-COOH 
Z o • 


50 2 (p-C 6 H^H 3 ) 


4.20 


299 


C 2 H 5 (cis) 
C 2 H 5 (tr * n$) 


C0N(CH 3 )CH 2 C00H 
OCr^COOH 


so 2 (p^ 6 h 4 -ch 3 ) 
cooc 2 h 5 


22.00 


165 
512 


C 2 H $ (cis) 


OO^COOH 


C00C 2 H $ 




796 


n-propyl (trans) 


0CM 2 C0OM 


cooc 2 H $ 




1504 


C 2 M S ttrans) 
C 2 H $ (trans) 


0CH 2 C0NMCM 2 C00H 
0CH(CH 3 )C00H 


C0OC 2 H 5 
C0OC 2 M 5 




1000 
346 


C 2 H $ (cis) 


C00CH 2 C00H 


» 2 (« 6 Voy 




1554 



10 i, the effective dos.g. <« «*r-nm P«r rtlUllttr ( M /-D 50* 
inhibition of the enxy«. ecti.it, -inut.s after tie. zero. M is the 
conc.ntr.tion of the inhibitor frier— Ur. V*\ »* of the control 

M>M .ctivit,. /I CH-I sec"') i. the second order r.t. const.nt 



obs 

of inactivation of the enzyme 
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Tibia II 



to 



o co-nh-b 





R 




« 2 


-a, 


V / 




C 3 H 7 


CH 3 


n / a rrtou ok \ 




obt- 

1 Qrtrt 
f ?UU 




C 2 H 5 


CH 3 


0-<4-C00H-Ph) 


CH(CH 3 )Ph 


15.000 




°3 H 7 


H 


0-<4-C0OH-Ph) 




5.000 




C 2 H 5 


C 2 H 5 


0-( 4-C0( CM^ ) ^CQQH-Pn ) 


Cn^iA-rn-Pn) 




20 


C 2 H S 


C 2 H 5 


0-(4-C00H-Ph) 


CH 2 (4-Ph-Ph) 


37.000 




C 2 H 5 


O^OCH. 


0-(4-C0OH-Ph) 


«i / A aw ML V 

CH^IA-Pn-Ph) 


a a en 




C 2 H 5 


C 2 M 5 


fk 1 A 1|A ML. V 

0-<4-W0^-Ph) 


CH^Ph 


0 , 347 


25 


C 2 H 5 


C 2 H 5 


A 1 A /•Mil AW \ 

0-< 4-C00H-Ph ) 


CH^ (Z-Antnracene) 


JO , I 77 




C 2 H 5 


C 2 H S 


0-<2-CH 2 CH-Ph) 


Ch^Ph 




30 


C 2 H S 


C 2 H 5 


0-(4-CH 2 C00H-?h) 




3175 




f M 

C 2 H S 


r h 


(W4-CH CH-NM -Phi 

2 1 3 


CH.Ph 


2540 


35 


C 2 H 5 


C 2 H 5 


0-(4-WC0CH 3 -?h) 


CH 2 ?h 


3503 




C 2 H 5 


C 2 H 5 


0-( 4-NHC0CH 2 CH 2 C0OH-?h ) 


CH 2 ?h 


2568 




C 2 H 5 


C 2 H 5 


0-(4-C« 3 C0-Ph) 


CH_-(4-C0OH-?h) 


2307 


40 


C 2 H S 


C 2 H 5 


0-(4-CH 3 C0-Ph) 


CH 2 (4^H 3 C0-Ph) 


S916 




C 2 H 5 


C 2 H 5 


0-(4-C00H-Ph) 


CH 2 -(2-furvD - 


S223 




C 2 H 5 


C 2 H S 


0-(4-C0OH-Ph) 


CH 2 -<2-thi«nyl) ' 


4925 




C 2 H 5 
C 2 H 5 


C 2 H 5 
C 2 H S 


0-(4-C00H-Ph) 
0-(4-C00H-Ph) 


9 19 
(CH 2 ) 3 Ph 


8300 
4537 




C 2 H S 


C 2 M S 


0-{4-C00H-Ph) 




21.269 
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C 2 H 5 
C 2 H 5 
C 2*S 
C 2 H 5 
C 2 H 5 

CH 2 CH-CT 2 



C 3 H 7 



C 2 H 5 

C 2 H 5 

C 2 H 5 
H 

CH, 



C 2 H 5 



cyclopentant 
(R and combintd and 
forn tht cydoptntant ring) 



0-<4-C00H-Ph) 
O-Ph 

0-(4-C0OH-Ph) 
0-(4-COOH-Ph) 
0-<4-CO0H-Ph) 
0-<4-C00H-Ph) 

0-(4-COOH-Ph) 

0-(4-C00H-Ph) 



fib* 

10.894 



CH 2 -(4-C0CH-Ph) 

CH^-cyclohtxyl 

Chyh « 

CH 2 ?h 

CH £ Ph 



O^Ph 



CH 2 Ph 



ISO! 
U24 
4000 
2000 
5400 

3230 

1900 



C 2 H 5 


CH 2 0CH 3 


0-(4-C00H-Ph) 


C 2 H 5 


CH 3 


0-(4-C0OH-Ph) 


C 2 H 5 




0 -<4-COOH-Ph) 


C 2 H 5 


C 2 H 5 


0-<4-C0OH-Ph) 


C 2 H 5 


C 2 H 5 


0-(4-C0OH-Ph) 


C 2 H 5 


C 2 H 5 


0-<4-C0OH-Ph) 


C 2 H 5 


C 2 H 5 


0-<4-C00H-Ph) 


C 2 H 5 


C 2 H 5 


0-<4-C0OH-Ph) 


C 2 H 5 
C 2 H 5 


C 2 H S 


0-<4-C0QH-Ph) 


C 2 H 5 


0-<4-COQH-Ph) 



C 2 H 5 



C 2 H 5 
C 2 H 5 
C 2 H 5 



CH 2 OCH 3 



C 2 H 5 



C 2 H 5 
C 2 H 5 



0-<4-C0OH-Ph) 

0-(4-C0OH-Ph) 

0-<2-<6-C0OH-*ap*O) 

0-(4-COOH-Ph) 



CH 2 Ph 

CH 2 CH(CH 3 )Ph 
CH 2 -(2-N*ph> 
CH(CH 3 )-(l-^aP h ) 

cH 2 ( *"°v ?h) 

CH 2 (4-?-Ph) 
CH 2 (4-OCH 3 -?h) 
CH 2 (4-N0 2 -Ph) 
CH(CH 3 )-(3-Cl-4-<:yc1o- 



1900 
2553 
51.000 
14.128 
3^19 
3965 
2337 
5162 
5075 



20.776 



CH 2 -(3.4HMthylefle-- 



16.984 



htxyl-PM 
CH 2 -(3.4- 

dioxy-P*) 
CH 2 -( 2-benzof uran ) s 13.151 
CH 2 Ph 5561 
CH 2 (4-<4-Cl-?h)- 
SO 2 NHC0-?h) 



1730 
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9. 



,1 

[ 


.2 
R 


— a, 


-W 1 


C 2 H 5 


COOH 




3U«7 


C 2 H 5 


0-(3-COOH-Ph) 


°*2 Ph 


1763 


C 2 H 5 


0-(4-COOH-Ph) 


CH -(4-PhO-?h) 


12.026 


C 2 H S 










•CFjCOO* 


9933 


C.H 
2 5 


0-(4-C0OH-Ph) 


(CH.)OPh 


3447 


C 2 H 5 


0-(4-C00H-Ph) 


(CH 2 ) 4 CH(CH)Ph 


42CC 


C 2 H 5 


0-(4-N(CH 3 ) 3 l"-Ph) 


CH 2 ?h 


1700 


C 2 H 5 


-1-imidizolyl 


CH 2 ?h 


200 




2C00 



53C0 



c 2 h s o-^rvk cooH *** 

^_/^MHC0CH 
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libit II 

(continued) 



ro 



75 



20 



25 



30 



35 



C 2 H 5 
C 3 H 7 

C 2 H 5 
C 2 H 5 



C 2 H 5 
C 2 H 5 
C 2 H 5 
C 2 H 5 
C 2 H 5 



C 2 H 5 
C 2 H 5 
C 2 H 5 
C 2 H 5 
C 2 H 5 



C 2 H 5 



C 2 H 5 



C 3 H 7 

C 2 H 5 

C 2 H 5 
CH 2 OCH 3 

H 

0M« 

C 3 H 7 

°S 

CH 3 

CH 2 OCH 3 
C 3 H 7 



C 3 H 7 

"3 
CH, 



CH, 



CH, 



, 2 


l r 




O-(4-C0OH-Ph) 


■1" 

Ph-4-C00H 


13.563 


0-(4-COQH-Ph) 


2 


2.500 


0-fA-COOH-Ph) 


2 


1974 


0-(4-COOH-Ph) 


2 


87 


ft-/ 4-COOH-Ph ) 


CH -2-Naph 


50.000 


Ph-4-C0OH 


CH,Ph 
2 


900 


Ph-4-cooH 


CH -2-tUoh 

2 


1340 


O-(4-C0OH-Ph) 


CH„?h-3-CF, 
2 3 


55.000 


0-<4-C00H-Ph) 


CH(Et)-5-©«nzofury1 


750,000 


0-<-*-C0OH-Ph) 


CH(Et)-3-tMeny1 


78.800 


0-<4-C00H-Ph) 


CH(nPr)Ph 


75.000 


0-(4- 


CH(£t)Ph 


87.000 


rrnrH ) COOH-Ph) 

v»w v vn^Z ^^^^ 




54.000 


(W4-CH COOH-Ph) 


CH(Et)Ph 


0-{ A-COUn-rn; 


Cvel ooentvl 




0-<4-COOH-?h) 


CH(CH )CH CH CH 
3 2 i J 


— 


0-(4-C0NH 2 ?h) 


CH 2 Ph 


12.500 


0-<4-CQCH-Ph) 


CH 2 (3.5-diMe- 






4-COOH-Ph) 


5.500 


0-(4-C0NH 2 Ph) 


CH 2 (3.5^Mt- 






4-C00H-Ph) 


30,000 


0-(4-C00H-Ph) 


CH 2 (3.4-HiiH«0-?h) 


11.300 



40 



45 



Me represents CH^ 
Ph represents phenyl 
Pr represents propyl 
Bu represents butyl 
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Tiblt III 



to 




CONHB 



1 



is 



20 



25 



30 



05 



40 



45 



OCH 2 COOH 



0-<4-C00H-Ph) 

0- uiiyi) 

-l-imidixolyl 

1- tH nolyl 

(l-m#thyl-tetraaol-5-y1)thio 

(1-«-tria2ol-3-yl)thio 

1-tetraxolyl 

C2H-l-pyridonyl] 

O-Ph-4-CCNH 



I-beruimidaxo1y1 




so 



O-^lyctryl 

OCH CONH^ 

NH-COOMt 

OG^-COOH 

OCH 2 -CONH 2 

0-<4-COOH-Ph) 

0-(4-COOH-Ph) 

0-CH 2 CON(Et) 2 



CH^Ph-4-Ph 



CH 



CH 2 Ph-4-Ph 
O^Ph-4-Ph 
O^Ph-4-Ph 

CM 2 Ph 
CH 2 Ph 
CM 2 ?h 

CH 2 -2-Waph(6-CCX3H) 
CH 2 ?h 



CH 2 Ph 



G* 2 Ph 

CH^-Ph-4-Ph 

CH 2 Ph 

CH-(£t)-Ph 

CH-(Et)-?h 

n8u 

cycloptntyl 
CH(Et)Ph 



2901 

4157 

12.545 

461 

2144 

3658 

116 

948 

357 

40.650 
69 

351 

818 

51.802 

496 

5711 

102.974 
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Tiblt III 
(Continued) 



R 2 








CH„Ph<2-0H) 
2 


ywi 

1461 




CH„Ph(4-t0u) 
2 


21.774 


n_ / 4-TOQH-Ph) 


CH,Ph(4-(l-C00H)Ph) 
2 


14,727 


0-M-COOH-Ph) 


CH,Ph(4-C0-*O )) 
2 \— / 


2036 


0-f 4-COQH-Ph ) 


CH„Ph(4-aOh) 

2 2 


8032 


0-<4-C0OH-Ph) 


CH,Ph(3-CHJ 

Z w 


6932 


0-(4-C00H-Ph) 


CH,Ph(3.MCWJ A ) 
2 * * 


62.383 


0-( 4-COOH-Ph ) 


CH,Ph(3.4-0iM«) 
2 


20.600 


0-< 4-COOH-PH) 


OT Ph(4-S-Pr) 
Z 


18.846 


0-(4-C0OH-Ph 


CH_Ph(4-S(0),Mt) 
2 * 


3350 


0-(4-C0OH-Ph> 


Oyh(4-C0H«) 


5916 


0-(4-C0OH-Ph) 


CH 2 Ph(4-0M«-3-W«) 


13M26 


0-(4-C0OH-Ph) 


CH 2 -Ph(4-0CH 2 Ph) 


12.036 


0-{4-CH(C0OH)NHAc-Ph) 


CH 2 Ph 


1676 


0-(4-CH(0H)COOH-Ph) 


CH 2 Ph(3.4-0tMt) 


17,625 


0 -(3-0H-4-C00H-Ph) 


CH 2 Ph(4-*«) 


9252 


0-<2-<CH 2 ) 3 NM€ 2 -Ph) 


CH 2 ?h 


629 


0-<4-CH 2 COOH-Ph) 


CH 2 Ph(4-Ph) 


" 28.870 
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T*bl« IV 
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C 2 H 5 <H 3 



C 3 H 7 S M 7 



R R 

0 C08 



0-<4-C0OH-Ph) 



0-<4-COOH-Ph) 



0-(4-C00H-Ph) 



,<= b 

03 



I 

Ph 



4376 



10.066 



1446 (1ow«r ref.) 
4324 (hightr ref.) 



25 



C 2 H 5 



0-(4-C00H-Ph) 



-W<CH Ph) 



5977 



C 2 H 5 H 



0-<4-C00H-Ph) 



-0CH 2 -(4-C00C 2 H 5 -Ph ) 227 . 460 



C 2 H 5 C 2 H 5 



o-(4^:ooH-?h) 



-OCH -■< 4-C0OC,H_ -?h ) 14,231 
2 2 s 



35 



C 2 H 5 



0-(4-COOH-Ph) 



-♦KCjN HCH Ph) 



82.956 
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Tablt V 




M 
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h 


k /I 
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4-COOM 


Et 
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4-COOH 


nPr 


H 


152.000 


4-COOH 


CH 2 0M« 


H 


6.094 


4-CH 2 C00H 


Et 


H 


140.000 


4-COOH 


M« 


4-K# 


47.000 


4-COOH 


Et 


4-He 




4-COOH 


PhCH 2 


H 


25.000 


4-CH 2 C00H 


nPr 


H 


227.000 


4-COOH 


nPr. 






4-COOH 


nPr 


H 


120.000 


4-COOH 


Et 


3.4-<0CH 0) 




4-CH^OOH 


nflu 


H 




4-COOH 
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T»b1« VI 



X 3 



£, 




— h 


b> /T 






u 

n 


-2bi a 

40 10 






4— rn 


74, QUO 




Ma 


u 

n 


8,373 


4— cUUn 


Ma/ # \ 

net S J 


4— Pn 


49246 


4- vUUn 


OK 


rh 


67754 




Ma 


- A / 9 1 _/"^ flu V 

4— {Z -vl-rh) 


245130 


4— CuwH 


tc 


4— Ph 


26382 


4-CGQn 


tt 


H 


76204 


4— lu— < tn^ ; 2 -<.U<Jn 


li- 
nt 


H 


37084 


4— <-0— \ tn^ ; 2 LUwn 


tt 


H 


272190 




.a. 

flrr 


u 
H 


1 louoo 


3.5-*t 2 -4-CC0H 


£t 


H 


24,994 


4-CH 2 C0OH 


Et 


H 


126.000 


3-0H-4-CCOH 


£t 


H 


-124560 


3-O^COOH 


He 


H 


5885 


4-CH-CH-C00H 


M« 


H 


9101 


4-COOH 


CH 2 0Mt(S) 


H 


6981 


4-CH 2 C00H 


CH 2 0He(S) 


H 




4-COOH 


Ml 


-Me 


10680 


4-COOH 


iPr(S) 


H 


4743 


4-COOH 


iPr 


H 


177075 


4-CH 2 C00H 


nPr 


H 


188.000 


4-CH 2 C0OH 


CH 2 0M«(R) 


H 


11004 


3.5-^« 2 -4-C00H 


nPr 


H 
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T*blt VI 

(Continued) 



3-CH 2 COOH Et 4-*e 



X * . a 

-6— " 



A-(CH 2 ) 2 C00H H« 
3-O^COOH Et 



2 

4-CH^OOH 



H 9481 
H 31018 



4-COOH CH 2 OM«(R) H 6981 

4-COOH Et 3 ~* e 

A-CH 2 COOH Et 3-*t 

4-CO(CH 2 ) 2 C0OH *Hyl 4 - M « 

4-COOH Mt 4-W« 

4-CH COOH Et 3-C1 

4-COOH Et 3^1 

4-COOH Ally 1 3-*« 

4-COOH " Pr 3 ~* e 

4-CH 2 C00H allyl 4-«e 664,000 

3- CH 2 C0OH allyl 

4- ch„cooh *nyi 3 "* e 



nPr 3-Me 



4-C0(CH 2 ) 2 C0OH nPr 4-Me 

3-ch 2 cooh *iiyi H • - 

3- CH 2 C00H CH 2 OM«(S) H 

4- cooh a^y 1 H 
4-ch 2 cooh *nyi H 

4-COOH Et 

4-COCH Et(S) 4-M« 

4-COOH a 11 * 1 4 "" a 

4-COCH nPr 389.000 

3- CH 2 C00H *** 

4- CH 2 C00H 



557,000 
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Table VI 






I Lon 1 1 nuca / 






M 


s 6 


-h 

3-CH^COOH 


tt 


4-Cl 


4-COOH 


tt 


4— CI 


4-CH^COOH 


tt 


4— Hf 


3-CH^COOH 


tt 


3-C > 


4-COOH 


a 1 1 y i 


3,4-*>ethyl«nedioxy 


4-CQOH 


.a. 

nrr 


3 . 4-*iethy1 tned i oxy 




,U U 1 

a h y i 


3 • 4— «t# thyl ened i ox y 




nrr 


3,4-^ethyl tnedioiy 


3-CH^COOH 


CH^COOH 


4— Me 


3-CH^COOH 


_ Q _ 

nrr 


H 


4-COOH 


tt 


3,4-*nethy1 enedioxy 




tt 


3 , 4-«« th y 1 t ned i o* y 


4-COOH 


£t 


^ A M - 

3.4-Me^ 


4-COOH 


CH^C^CCH^ 


u 
M 


4-CH^COOH 


ch^cEcch^ 


H 


4-COOH 


nBu 


H 


2-NO 2 -4-CH 2 C00H 


£t 


H 


4-COOH 


£t 


4-P 


4-COOH 


Et 





-W 1 



60S. 000 
867,000 



^ Protocol - Enzyme Assays for the Inhibition of Human Polymorphonuclear Leukocyte Elastase Via Hydroly 
£11 2! N -<*BQC'alanyl-alanyl-proiylalanine>P'nitroanilide (Boc-AAPAN) or N-t-Boc-alanyi-proIylvaiine-p- 
nitroanilidelBoc-AAPVN) Reagent: ~" 

0.05M TES (N-tris(hydroxymethyl]methyl-2-amino-ethanesulfonic acid) Buffer. pH 7.5. 
0.2 mM Boc-AAPAN or Boc-AAPVN. 

To prepare substrate, the solid was first dissolved in 10.0 ml DMSO. Buffer at pH 7.5 was then added to 
a final volume of 100 ml. 

Crude extract of human polymorphonuclear leukocytes (PMN) containing elastase activity. 
w Inhibitors (azeudinones) to be tested dissolved in DMSO just before use. 



Assay Procedure: 

To 1.0 ml of 0.2 mM Boc-AAPAN in a cuvette. 0.01-0.1 ml of DMSO with or without inhibitor was added. 
After mixing, a measurement was taken at 410 ma to detect any spontaneous hydrolysis due to pr sence 
of test compound. 0.05 Milliliters of PMN extract was then added and the aOO/min at 410 ma was 
measured and recorded. Beckman model 35 spectrophotometer was used. 
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Results: 

Results in Table I w re reported as IDso. effective dosage in micrograms per milliliter (ug/ml) for 50% 
inhibition of the enzyme activity 2 minutes after zero time. 

Results were also expressed as Ki. the micromolar concentration of the inhibitor (uM) giving 50% of the 
control enzyme activity: or as "obs/l which is the second order rate constant in per mole per second for 
inactivation of the enzyme. 



Comments: 

The elastase activity in the crude PMN extract may vary from one preparation to another. A control of 
each new batch is run. and the volume added in the assay procedure is adjusted according to activity. 

Accordingly, the compounds of Formula (I) can be used to reduce inflammation and relieve pain in 
diseases such as emphysema, rheumatoid arthritis, osteoarthritis, gout, bronchial inflammation, atheroscle- 
rosis, sepsis, septicemia, shock, periodontitis, cystic fibrosis, infectious arthritis, rheumatic fever and the 

like. , ,i 

For treatment of inflammation, fever or pain, the compounds of Formula (I) may be administered orally, 
topically parenteral^, by inhalation spray or rectally in dosage unit formulations containing conv ntional 
non-toxic pharmaceutically acceptable earners, adjuvants and vehicles. The term parenteral as used herein 
includes subcutaneous injections, intravenous, intramuscular, intrasternal injection or infusion techn.ques. In 
addition to the treatment of warm-blooded animals such as mice. rats, horses, dogs. cats. etc.. the 
compounds of the invention are effective in the treatment of humans. 

The pharmaceutical compositions containing the active ingredient may be in a form suitable for oral 
use for example, as tablets, troches, lozenges, aqueous or oily suspensions, dispersible powders or 
granules, emulsions, hard or soft capsules, or syrups or elixirs. Compositions intended for oral use may be 
prepared according to any method known to the art for the manufacture of pharmaceutical compositions 
and such compositions may contain one or more agents selected from the group consisting of sweeten.ng 
agents flavor.ng agents, coloring agents and preserving agents in order to provide pharmaceutical^ elegant 
and palatable preparation. Tablets contain the active ingredient in admixture with non-toxic pharmaceutically 
acceptable excipients which are suitable for the manufacture of tablets. These extents may be for 
example inert diluents, such as calcium carbonate, sodium carbonate, lactose, calcium phosphat or 
sooium phosphate: granulating and disintegrating agents, for example, corn starch, or algin.c acid: binding 
agents for example starch, gelatin or acacia, and lubricating agents, for example magnesium siearat , 
stearic acid or talc. The tablets may be uncoated or they may be coated by known techniques to delay 
disintegration and absorption in the gastrointestinal tract and thereby provide a sustained action ov r a 
longer period. For example, a time delay material such as glyceryl monostearate or glyceryl distearate may 

be employed. . 

Formulations for oral use may also be presented as hard gelatin capsules wherein the active ingredient 
is mixed with an inert solid diluent, for example, calcium carbonate, calcium phosphate or kaolin, or as soft 
gelatin capsules wherein the active ingredient is mixed with water or an oil medium, for example peanut oil. 

liquid paraffin, or olive oil. h 
Aqueous suspensions contain the active materials in admixture with excipients suitable for the 
manufacture of aqueous suspensions. Such excipients are suspending agents, for example , todtajm 
carboxymethylcellulose. methylcellulose. hydroxypropylmethylcellulose. sodium alginate, polyvinylpyr- 
rolidone, gum tragacanth and gum acacia: dispersing or wetting agents may be a 
phosphatide, for example lecithin, or condensation products of an alkylene ox.de w,th ^«y Jor 
example polyoxyethyiene stearate. or condensation products of ethylene ox.de with long chain aliphatic 
alcohols, for example heptadeca-ethyleneoxycetanol. or condensation products of ethylene «*™»P"£ 
esters derived from fatty acids and a hexito. such as po.yoxyethy.ene sorbitol ^^J^™^ 
products of ethytene oxide with partial esters derived from fatty acids and hex,to xa ™ ° 

po.yoxyethy.ene sorbitan monooleate. The said aqueous suspensions may *so c^tan one or more 
preservatives, for example ethyl, or n-propyl. p-hydroxybenzoate. one or more colonng agents, one or more 
flavoring agents, and one or more sweetening agents, such as sucrose or sa f cnarw V , 
Oily suspension may be formulated by suspending the acfive mgr dient in a vegetable o-L for example 
arachis oil oliv oil. sesam oil or coconut oil. or in a mineral oil such as liquid paraffin The ody 
"sp nsions may contain a thickening agent, for example beeswax, hard I paraffin or 
Sweetening agents such as those s t forth above, and flavoring agents may be added to prov,de a palatable 
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oral preparation. These compositions may be preserved by the addition of an antioxidant such as ascorbic 
acid. 

Dispersible powders and granules suitable for preparation of an aqueous suspension by the addition of 
water provide ttie active ingredient in admixture with a dispersing or wetting agent suspending agent and 

s one or more preservatives. Suitable dispersing or wetting agents and suspending agents are exemplified by 
those already mentioned above. AdditionaJ excipients. for exampl sweetening, flavoring .and coloring 
agents, may also be present. 

The pharmaceutical compositions of the invention may also be in the form of oil-irvwater emulsions. 
The oily phase may be a vegetable oil. for example olive oil or arachis oils, or * mineral oil, for example 

ro liquid paraffin or mixtures of these. Suitable emulsifying agertfs may be naturally-occurring gums, for 
example gum acacia or gum tragacanth, naturally-occurring phosphatides, for example soy bean, lecithin, 
and esters or partial esters derived from fatty acids and hexitol anhydrides, for example sorbitan mono- 
oleate. and condensation products of the said partial esters with ethylene oxide, for example polyox- 
yethylene sorbitan monooleate. The emulsions may also contain sweetening and flavoring agents. 

rs Syrups and elixirs may be formulated with sweetening agents, for example glycerol, propylene glycol, 
sorbitol or sucrose. Such formulations may also contain a demulcent, a preservative and flavoring and 
coloring agents. The pharmaceutical compositions may be in the form of a sterile injectable aqueous or 
oleagenous suspension. This suspension may be formulated according to the known art using those 
suitable dispersing or wetting agents and suspending agents which have been mentioned above. The sterile 

20 injectable preparation may also be a sterile injectable solution or suspension in a non-toxic parenteraily- 
acceptable diluent or solvent, for example as a solution in 1.3-butane diol. Among the acceptable vehicles 
and solvents that may be employed are water. Ringer's solution ana isotonic sodium chloride solution. In 
addition, sterile, fixed oils are conventionally employed as a solvent or suspending medium. For this 
purpose any bland fixed oil may be employed including synthetic mono- or diglycerides. In addition, fatty 

25 acids such as oleic acid find use in the preparation of injectables. 

The compounds of Formula (I) may also be administered in the form of suppositories for rectal 
administration of the drug. These compositions can be prepared by mixing the drug with a suitabl non- 
irritating excipient which is solid at ordinary temperatures but liquid at the rectal temperature and will 
therefore melt in the rectum to release the drug. Such materials are cocoa butter and polyethylene glycols. 

30 For topical use. creams, ointments, jellies, solutions or suspensions, etc.. containing the anti-inriam- 
matory agents are employed. 

The amount of active ingredient that may be combined with the carrier materials to produce a single 
dosage form will vary depending upon the host treated and the particular mode of administration. For 
example, a formulation intended for the oral administration of humans may contain from 5 mg to 5 gm of 

35 active agent compounded with an appropriate and convenient amount of carrier material which may vary 
from about 5 to about 95 percent of the total composition. Dosage unit forms will generally contain between 
from about 25 mg to about 500 mg of active ingredient. 

It will be understood, however, that the specific dose level for any particular patient will depend upon a 
variety of factors including the activity of the specific compound employed, the age. body weight, general 

40 health, sex. diet, time of administration, route of administration, rate of excretion, drug combination ana the 
severity of the particular disease undergoing therapy. 



EXAMPLE 1 

45 



1-p-nitrophenylsulfonyl-4-benzyloxycarbonyl azeudin-2-one 

50 Diazabicycioundecane (152 mg, 1 mM) was added to a mixture of 205 mg (1 mM) 4-benzyloxycarbonyl 
azetidin-2-one and 181 mg (1 mM) p-nitrobenzenesulfonyl chloride in 10 ml methylene chloride at room 
temperature. After stirring 2-1/2 hours, the orange solution was washed with water, dried over MgSO*. and 
concentrated in vacuo. The residue was chromatographed on silica gel in hexane^ethyl acetate to yield 64 
mg (17%) of i-p-nitrophenylsulfonyl-4-benzy»oxycarbonyl azetidin-2-one. 

55 NMR (CDCI3): 5 3.3 (2H. doublet-quartet). 4.8 (qt 1H). 5.2 (s, 2H). 7.2 (s. 5H), 8.2 (mlt. 4H). 



EXAMPLE 2 
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1'Acetyl-3.3'dimethyi'4»acetoxya2etidin-2«one 

5 

Step A: Preparation of 2-mettiyl-prop- 1 -enylacetate 

A mixture of 72 g (1 M) isobutyraldehyde. 153 g (1.5 M) acetic anhydride and 12 g (0.125 M) potassium 
w acetate was refluxed seven hours. The cooled reaction mixture was washed with water and stirred with 300 
ml saturated NaHCOj at 0' C for 45 minutes. The organic phase was dried over KjCOj to yield a yellow oil 
which was distilled at atmospheric pressure to give 35.41 g (31%) of 2-methyl-prop-i -enylacetate. b.p. 1 22- 
126'. 

NMR (CDCIj): « 1.6 (s. 6H). 2.1 (s. 3H). 6.9 (mil 1H). 



15 



Step B: Preparation of 3-3-dimethyl-4-acetoxyazetidin-2-one 

Chlorosulfonyl isocyanate (16 ml) was added- to a solution of 22.8 g (0.2 M) 2-methyl prop-i-enyl 
20 acetate in 50 ml methylene chloride at 0* under nitrogen. After stirring at 0 for 20 hours, the reaction 
mixture was added to a mixture of 20 ml water. 90 g ice, 48 g NaHCO, and 16.6 g NajSO, and stirred at 
0' for 30 minutes. This was then extracted with 300 ml CH,CI 2 and the organic phase washed with brine, 
dried over MgSOi and concentrated in vacuo to give 27.75 g oil which was chromatographed on silica gel 
in hexane/ethyl acetate to yield 2.17 g (8.5%) of 3.3-dimethyl-4-acetoxyazetidin-2-one. 
2S NMR (CDCIs): « 1-2 (S. 3H). 1.3 (S. 3H). 2.2 (s. 3H). 5.6 (s. 1H). 

Step C: Preparation of i-acetyl-3.3-dimethyi-4-acetoxya2etidin-2-one 

30 A mixture of 283.3 mg (1.8 mMI 3.3-oimethyl-4-acetoxyazetidin.2<ne. 2 ml pyridine and 2 ml acetic 
anhydride was heated to 1OO' in a seaiec tube for 36 hours. The reaction mixture was concentrated in 
vacuo and the residue chromatographed on silica gel in hexaneethyl acetate to yield 295 mg (82 0) of 1- 
acetyl-3.3-dimethyl-4-acetoxyazetidin-2-one. * 
NMR (CDCI3): 5 1.2 (S. 3H). 22 (S. 3H). 2.5 (S. 3H). 6.1 (S. 1H). 

35 

EXAMPLE 3 



40 

l-Acetyl-4-acetoxy-3-n»propylazitidin-2-one 



45 



50 



Step A: Preparation of Pem-l-enyl acetate 

A mixture of 86 g (1M> va.eraldehyde. .53 g (1.S M) acetic anhydride, and 12 g (0.125 M) potassium 
acetate w£ refluxed or 8 hours. The cooled mixture was then stirred with 100 ml saturated aqueous 
££^££2. The organic phase ,s separated, dried over K,CO,. and distilled at 40 mm to yield 
46.15 g (45%) of pent-1 -enylacetate. b.p. 89 C. 

NMR (CDCb): « 10 (tr. 3H). 1.2-2.0 (m.l. 4H). 2.1 (s. 3H). 4.7-5.6 (mil 1H), 7.0-7.3 (mil. 1H). 

Step 8: Preparation of 4-acetoxy-3-n-propyia2eodin-2-one 
55 ""sght hundred microlit rs of chlorosulfonyl isocyanate was added to a solution of 1_28 g (1C ImM) pen.- 

ZZ at" to 30 minutes. The mixture was extracted w,th 2 X 25 ml methylene chor.de and the 
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combined organic phases washed with brine, dried over MgSC*. anc concentrated in vacuo The residue 
was chromatographed on silica gel in hexane/ethyl acetate to yield 60 mg lrinT"Vacetoxv-3-n- 

propylazetidin-2-one (3.4%). * y J 

NMR (CDCI 3 ): I 1.0 (mlt.. 3H). 1.7 (mlt.. 4H), 2.2 (s. 3H). 32 ftr. TH), 5.5 (s. 1H). 6.7 {Irs. 1H). 



Step C: Preparation of i-acetyf-4-acetoxy-3-n-propylazeticin-2- one 

A mixture of 56 mg (0.33 mM) 4-acetoxy-3-propyiazetidin.2-one. 1 ml acetic anhydride and 1 ml 
pynd.ne was stirred at 100 in a sealed tube for 24 hours. After concentrating in vacuo the residue was 
chromatographed on silica gel in hexane/ethyl acetate, to yteic 16 mg (23%T T^cetyl-4-acetoxy-3-n- 
propylazetidine-2-one. 

NMR (CDCI3): a 1.0 <br tr, 3H). 1.7 (mlt.. 4H), 2.2 (s. 3H). 2.4 (s. 3H). 3.2 (tr, 1H), 6.1 (d. 1H). 



EXAMPLE 4 



i-AcetyM-methytsulfonyta2etidin-2-one 



Step A: Preparation of l-acetyl-4-methyfthioazetidin-2-one 

A mixture of 300 mg (2.6 mM) 4-methylthioazetidin-2^ne. 10 ml acetic anhydride and 10 mi pyridine 
was stirred at 100 in a sealed tube 24 hours. After concentrating in vacuo , the residue was chromatog- 
raphed on silica gel in hexane/ethyl acetate to yield 324 mg (78%) of i-^etyT-^methylthioazetidine^-one 
NMR (COCI,): & 2.4 (s. 3H). 2.41 (s. 3H), 3.2 (doublet-quartet. 2H). 5.1 (ccublet-doubiet. 1H). 



Step B: Preparation of N-acetyl-4-methylsulfinytazetidin-2-cne 

A mixture of 130 mg (0.82 mM) N-acetyl-4-methyltr.ica2eccincne and 200 mg (0.93 nM) 30% m- 
chloroperbenzoic acid in 5 ml methylene chloride was sorrec at rcom temperature 5 minutes. After 
removing the solvent in vacuo . The residue was chromatograchec on 2-2000 a -silica gel states in 
hexane.ethyl acetate to yield 57 mg (40%) of l-acetyl-4-memylsumnylazetidine-2-one. 
NMR (CDCI 3 ): 5 2.4 (s. 3H). 2.6 (s. 3H). 3.5 (mlt. 2H). 4.9 <mit.. 1H). 



EXAMPLE 5 



3-Azido*4-carboethoxy«i«(p-methoxyphenyl)a2etidin-2-one 

To a solution of 3.06 g of azidoacetyl chloride in 50 mi of CH 2 C: 2 was added dropwise a solution of 
3.57 ml of triethylamine and 5.3 g of the imine formec from ethyigiyoxalate and p-anisidine m 50 ml 
CH:Ci2. with cooling at such a rate that the reaction temperature remained below 5' . The reaction was then 
stirred at room temperature for three hours and then wasnec seouenoaly with 1N HCI, saturated aqueous 
sodium bicarbonate, and saturated aqueous sodium chloride. The organic phase was dried over magnesium 
sulfate, filtered, and evaporated, and the crude residue was recrystallized from carbon tetrachloride hexane 
to afford 3.7 g. of 3-azido-4-carboethoxy-1-(p-methoxyphenyl)azeodine-2-one; m.p. 80-85* . 
NMR (COCh): 5 72 (d. J = 9. 2H). 6.75 <d. J = 9. 2H). 4.9 (d. J = 6. 1H). 4.6 (d. J = 6. 1H). 4.25 (q. J = 8 2H) 
3.7 (s. 3H). 1.25(t. J = 8. 3H). 



EXAMPLE 6 
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to 



4-Carboethoxy-3-chloro-l-(p-methoxyphenyl)azetidine-2-one 

4. C arboethoxy-3-chloro-Mp-methoxyphenyl)azetidine-2-one was prepared by following the same proce- 
dure as described in Example 5 but using chloroacetyl chloride and the imine formed from ethylglyoxalate 
and p-anisidine as the starting material. The crude product was recrystaiiized from ether (hexane) to give 
3.1 g of 4<arboethoxy-3-chloro-l-(p-methoxyphenyl)azetidine-2^ne. m.p. 99-100 ■ .,,,„» 
NMR (COCb): I 7.2 (d. J-9. 2H). 6.8 (d. J-9. 2H). 5.1 (d. J-& 1H). 4.7 (d. J = 6. 1H), 4.25 (q. J-7. 2H). 
3.7 (s. 3H). 1.25 (t. J =7. 3H). * 

EXAMPLE 7 



is 



4-Carboemoxy-3-methoxy-1-(p-methoxyphenyl)azetidine-2-one 



25 



30 



th same 



4-Carboethoxy-3-methoxy-Hp-methoxyphenyt)azetidine-2-one was prepared by following 
procedure as described in Example 5 but using methoxyacetyl chloride as the starting material. After 
chromatography the compound crystallized as a wh.te solid: m.p. 116-118 
20 NMR (CDCb): I 7.2 (d. J-9. 2H). 6.75 (d. J-9. 2H), 4.7 (d. J=5. 1H), 4.6 (d. J-5. 1H). 4.2 (q. J-5. 2H). 
3.7 (s. 3H). 3.5 (S. 3H). 1.2 (t. J = 5. 3H). 



EXAMPLE 8 



4-Carboethoxyl-<p-methoxyphenyl)-3 -phenylazetidin-2-one 

To a solution of 17 ml of triethylamine and 5.0 g of the imine formed from ethyl glyoxa^e . and P- 
anisidine in 100 ml of refluxing 1 .2-dichloroethane was added dropwise over 2 hours a so.ut, on o. 1 6 ml o, 
ST* «. e?pheny.atety. chloride in 50 m. of dich«oroethane. After refluxing for three hours tne reaction 
was woS-p « P- the 3-azidoazetidinone. The crude residue was chromatography 

3H). 



•*0 



EXAMPLE 9 



45 



50 



^CarboethoxyM^p-methoxyphenyl^viny lazetidin^-one 

^rh« e tti 0 xv-i-(D^ethoxyphenylV3-vinylazetidine.2^ne was prepared by following the same proce- 
and m isome,, .1 M corroound «... *»ne* « (M. «•« I. NM R (CDCbM 1 

2H). 3.9 (dd. J-1. Jz = 6. 1H). 3.75 (s. 1H). 1.25 (t. J -7 3H). 



ss 



EXAMPLE 10 



4-Carbo thoxy-3-ethyl-Hp-methoxyph nyl)azetidin-2-one 



33 



EP 0 337 549 A1 



The cis and trans isomers of 4n:arboethoxy-3-vinyM-(p-methoxyphenyl)azetidine-2-one are each hy- 
drogenated with palladium on carbon in ethanol to yield the corresponding cis and trans isom rs of 4- 
carboethoxy-3-ethyi- 1 -(p-methoxy-phenyl)azetidine-2-one. 

5 

EXAMPLE 1 1 



'0 4"Carboethoxy-l«(p-methoxyphenyl)»3-(N-methyl-trifluoroacetamido)azetidin- 2-one 

A solution of 2.16 g of 3-a2ido-4-carboethoxy-Hp-methoxyphenylhazetidine-2-one in ethanol was 
hydrogenated with palladium to yield 4-carboethoxy-l»(p-methoxyphenyl).3-aminoazetidin-2-one. This amine 
was acylated with 1.1 ml of trifluoro acetic anhydride in 10 ml CH 2 Ct 2 containing 1.5 ml pyridine, followed 
rs by methylation using 1 ml dimethyl sulfate in 30 ml acetone containing 3 g potassium carbonate. After 
isolation, the crude product was crystallized to give 22 g of 4-carboethoxy-l-(p-methoxyphenyi)-3-(N- 
methyitrifiuoroacetamido)azetidine-2-one. m.p. 102-104* . 

NMR (CDCb): h 72 (d, J = 9. 2H), 6.75 <d. J = 9, 2H), 5.5 (d. J =6. 1H), 4.7 (d. J = 6. 1H), 4.2 <q. J = 7. 2H), 
3.7 (s. 3H), 3.2 (br.s., 3H), 1.2 (t. J = 7. 3H). 

20 

EXAMPLE 12 



25 

4-Carboethoxy-3-methoxyazetidin-2-one 

To a solution of 1.4 g of 4-carboethoxy-3-methoxy-i-{p-methoxyphenyl)azetidine-2-one in 50 ml 
acetonitrile at 0* was added a solution of 8.23 g of cerric ammonium nitrate in 50 ml H 2 0 over 3 minutes. 

30 After stirring at 0* for 1 hour the solution was poured into 200 ml of 10% sodium sulfite and attracted with 
3 X 75 ml of ethyl acetate. The combined organic extracts were washed with 10% sodium sulfite ana 
saturated sodium chloride solutions and dried over sodium sulfate. Filtration and evaporation gave an amb r 
oil which was recrystallized from methylene chloride hexane to give 700 mg of 4-caboethoxy-3« 
methoxyazetidine-2-one: m.p. 91-92* . 

35 NMR (C0CI 3 ): 6 7.1 (br.s. 1H). 4.7 (dd. J. -2. J 2 =5. 1H), 4.3 (d. J = 5. 1H), 4.15 (q, J-7. 2H). 3.4 <s. 3H). 
1.25 (t, J = 7, 3H). 

Following substantially the same procedure as described in Example 12 but using an appropriate 3- 
substituted azetidinone compounds (a) - (f) were prepared: 

(a) 4-Carboethoxy-3-chloroazetidin-2-one 

NMR (CDCb): 0 7.3 (br.s., 1H), 5.0 (dd, J* =2, J 2 =6. 1H), 4.4 (d. J=6. 1H). 4.2 (q. J=7, 2HI U (t. J = 7. 
3H). 

(b) 4-Carboethoxy-3-phenylazetidin-2-one-2-(cis and trans) 

NMR (CDCb): Cis: 5 7.2 (S, 5H). 6.4 (br.s.. 1 H), 4.7 (d, ~67Thk 4.4 (d. J = 6. 1 H). 3.7 (q. J = 7. 2HV 0.75 (t. 
J = 7, 3H): trans 3 7.2 (s. 5H>. 6.9 (br.s. 1H), 4.3 (br.d, J=2. 1H), 4.1 (q. J = 7. 2H), 4.0 (d. J =2. 1H). 1.2 (t. 
JS J = 7, 3H). 

(c) 4*Carboethoxy-3*(N-methyltrifluoroacetamido) a2etidin-2-one 

NMR (CDCb): S 7.2 (br.s., 1H). 5.4 (d. J = 6. 1H), 4.5 (d, J = 6. 1H), 4.15 (q. J = 7, 2H). 3.2 (s. 3HV 1.2 (t. 
J = 7. 3H). 

(d) 4-Carboethoxy-3-vinylazetidin-2-one(cis and trans) 

so NMR (COCb) cis: 0 7.1 (br.s.. 1H). 5.2-5.8 (m, 3HT4.(M7 (m. 4H). 1.25 (t, J = 7, 3H); trans : 5=7.25 (br.s.. 
1H). 5.0-6.2 (m. 3H). 4.1 (q. J = 7. 2H). 3.9 (d. J = 2, 1H). 3.7 (dd, Jt =2. J 2 = 7. 1H). 1.2 (t. J = 7.»). 

(e) 4-Carboethoxy-3-ethyta2etidin-2-one 

Cis: NMR(CDCI 3 ): 3 6.9 (br. s.. 1H); 4.2 (m. 3H); 3.4 (dd. Ji =6. J 2 =8. 1H); 1.51 (q. J = 8. 2Hfc \2 (t. J = 7. 
3H); 1.0 (t, J = 8. 3H). 

55 Trans: NMR(COCb): 5 6.8 (br. s.. 1H); 4.2 (q. J = 7, 2H); 3.8 (d, J = 2, 1H); 3.2 (dd. J, =2. J 2 =7. 1H); 1.8 (- 
(dq. J, =2, J 2 =8, 2H); 1.2 (t, J = 7. 3H): 1.0 (t J = 8. 3H). 
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(f) 3-Azido-4-carboethoxyazet.din-2-one 



EXAMPLE 13 



4-Carboethoxy-3-<N-methyltrifluofoacetamido)azetidine-2-one-l -sulfonic acid tetrabutylammon .um salt 

° To a solution of 140 mg of 4-carboethoxy-3-(N-methyltrifluoroacetamido)azetidine-2-one in 5 ml of 
pyridine at 80* was added 250 mg of sulfur tnoxide pyridine complex, and the resulting mixture , was i Sttrred 
S 30 minutes at 80 ' . Trie solution was poured into 100 ml of 0.5 N KH.PO. anc i extracted , w* ,2 X 25m. 
of methylene criloride. The comb.ned organic washes were back-extracted wth 25 ml of KH : PO. o.ut.on^ 

, 5 The combined aaueous phases were then treated with 680 mg of tetrabutylammon.um hycrogen sulfate ana 
extracted with 3 X 50 ml of methylene chloride. After drying (sodium sulfate) and evaporation of trie orgamc 
phase the crude 4-carboethoxy-3-(N-methyltrifluoroacetamido)azetidine-2-one-l -sulfonic acid tetrabutyiam- 

monium salt was chromatographed to yield an oil. , „ . . 1iu , n9 , 9lm , 1H1 

NMR (CDCIjVJ 5.3 (d. J = 6. 1H). 4.7 (d. J =6. 1H), 4.15 (q. J = 7. 2H). 3.2 (m. 11H). 0.8-1.8 (m. 31 H) 
20 Applying the same procedure as described above, the following tetrabutylammonium salts of other 

azetidine derivatives were prepared: . 

(a) 4.(- a rh ^th Q xv.3.methoxva2etidin-2-one-l-sulfonic add tetrabutylammon.um sa« 
NMR (H e.,): I 4.55 (d. J =6. 1H). 4.5 id! J=b). 1H). 4.1 <q . J = 7. 2H). 3.4 (s. 3H). 3.2 (m. 8H). 0.8-1.8 (m. 
31 H) 

2S ' (b) 4.Carboethoxy-3-vinylazetidin-2-one-l-sulfonic acid tetrabutylammonium salt 



EXAMPLE 14 

30 



4-Carboethoxy 1 -<p-nitrobenzenesulfony i)-3-phenylazetidin-2-one 

To a solution of 720 mg of 4-carboethoxy-3-trans-phenylazetidin-2-one-in 20 ml methylen chlono at 
0- were added sequentially 595 mg of p-nitrobenzenesu.fony. chloride and 0.48 ml of OBU. The so.ut.on 
was ZrttoswX hours, dilute? witri 50 ml of methylene chloride, washed once w.th water jjno dned 
over scSum sutfate. F.ltration and evaporation gave a crude residue which was chromatographed to y-eid 
pu re4-carboethoxy-Hp-nitrobenzenesu^^ 2H . , 2 (t 

m»,o /rnn v * ft-X id J =9 2H) 8 2 (d. J = 9. 2H). 7.2 br.s.. 5H), 4.0 (q. J =7. 2H). 3.7 (m. *H). ii. 
" Tl 3K0 S-LfaJy preparJ J-v^^ Responding cis-3-pheny. compound. NMR (COC,,: a 8.4 »d. J -9. 
ou\ a o«? m j = 9 2H) 7 2 (S 5H). 5.0 <S. 1H). 3.7 (m. 3H). 0.85 (t, 5 = 7, 3H). 

f«i same procedure ai described above but using appropriate reagents, the fo.iow.ng 

compounds were prepared: 

as (a) a-r-arhnmhoxv-l .(o-nit robenzensulfonyl)-3- vinvlazet]din-2-one .., w 

NMR as: I 8.3 (d. J -9. 2H>. 8.2 (d. J-». ^^^ ^S H - 7 3H ^ ' ' ' 

trans- 3 8.2 (d. J^9. 2H). 8.15 <d. J=9. 2H). 5.2-6.0 (m. 3H). 3.9-4.4 (m. 4H). 1.25 (t. J-7. 3H). 

(b) 4-Carbo ethoxy-3-ethyl-1 -(P-nitrobenzen esulfonyl)azetidin-2-one 

£1 3- Az.do-4-carboethoxy-i-<p-n.trobenzenesuitonyi) azeuo.n-2-one 
50 (d) 4-Carboethoxy-3-criloro-i •<p-nitrobenzensulfonyi)azetidin-2-one 



EXAMPLE 15 

55 

A.r. a rhnAthnxv-3-ohen vl- 1 -trifluoromethanesulf en ylazetidin-2-one 
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To a mixture of 1.2 g of 4-carboethoxy-3-ph nyiazetidin*2«one and 1.2 ml of triethylamine in 25 ml of 
methylene chloride at 0* was acded dropwise over 10 minutes 11.25 ml of a 10% solution of 
trifluoromethan sulfenyl chloride in ether. After stirring for severaJ hours the solution was washed with water, 
dried over sodium sulfate, filtered and evaporated. The crude residue was chromatographed to yield pure 4- 
carboethoxy-3-phenyl-l-trifluoromethanesulfenylazetidin-2-one as an oil. 
NMR (CDCb): 5 7.2 (s, 5H), 4.6 (d, J = 3. 1H), 4.3 (m, 3H), 1.3 (t. J = 7. 3H). 



EXAMPLE 16 



i'Tosyloxymethyl«3-n«Propyl-4-p-nitrophenylthioazetidin'2-one 



Step A: Preparation of 3-Propyl-4-p-nitrophenylthio azetidin-2-one 



3-Propyl-4-acetoxy azetidinone. 171 mg, is refluxed with 200 mg p-nitrophenyl thiol in 10 ml benzene 
for 6 hours. The solution is washed 3x with aqueeas tiazCOi, dried with MgSO*. filtered and evaporated. 
zo The residue is chromatographed on silica gel, eluting with 10:1 CHCI 3 -EtOAc. affording 3-Propyl*4-p- 
nitrophenylthioazetidin-2-one. 



Step B: Preparation of l-Tosyloxymemyl-3-n-propyl-4^nitrophenylthio azetidin-2-one 



3-Propyl-4-p-nitrophenylthioazetidine-2-one. 266 mg. is stirred overnight at room temperature with 0.25 
ml aqueous formalin (37%) and 17 mg K2CO3. Water and formaldehyde are removed in vacuo , and flushea 
with 2 ml pyridine. The residue is taken up in 4 ml pyridine and treated for 1 hour at room temperature with 
200 mg p-toluenesulfonyl chloride. The pyridine is evaporated and replaced with 5 ml benzene. The 
30 solution is washed with aqueous H 3 PO*. and then aqueous K2HPOA. dried with MgSO*. fiiterec and 
evaporated. The residue is chromatographed on silica gel. eluting with 25:1 CHCb-EtOAc. providing l- 
tosyioxymethyl-3-n-propyl-4-p-nitrophenylthio-azetidin-2-one. 



35 EXAMPLE 17 



1- Tosyloxymethyl*3-n-propyl«4*p«nitrophenylsuirinyl azetidin-2-one 

1-Tosyloxymethyl-3-n-propyl-4-p-nitrophenylsuirinylazetidin-2-one. 450 mg. is treated for 12 hour in 10 
ml CH2CI2 with 172 mg m-chloroperbenzoic acid. The solution is washed with aqueous K2HPO4. dried with 
MgSOi. filtered and evaporated, leaving pure i-tosyloxymethyi-3-n-propyl-4-p-nitrophenylsulfinyl azetidine- 

2- one. 



EXAMPLE 18 

l-Acetoxymethyl-4>p»nitrophenylsulfinyl-3'n-propyla2etidin-2-one 

Step A: Preparation of 3-n-propyl-4-p-nitrophenylthioazetidin-2-one 

3-n-Propyl-4-acetoxya zetidinone (1.164 g. 6.58 mmole) and 1.02 g (6.58 mmole) p-nitrothi phenol wer 
h ated in a tub in the steam bath for 3.5 hours. Th reaction mixture was cooled, diluted with 100 ml ethyl 
acetate, and the organic phase was washed with 100 ml water. 70 ml 1M H 3 PO* and 3x100 ml saturated 
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K;CO}. The organic phase was dried over magnesium sulfate, filtered, and solvent removed in vacuo to 
yield 1.53 g of yellow crystals which were chromatographed cn a silica gel column in chloroform-ethyi 
acetate (4:1) to give 359 mg (19%) of 3-n-propyl-4-p-nitrophenylmioazetidin-2-one. 

NMR (CDCb): « 0.92 (tr. 3H). 1.2-1.6 (br m. 4H). 3.10 (tr. 1H). 4.91 (c. 1H). 7.0 (br s, 1H). 7.50 (d. 2H). 8.20 
5 (d. 2H). 



Step BPreparation of l"Acetoxymethyl-4>p«nitrophenylthio-3-n-propylazetidin>2-Qpe 

10 A mixture of 273 mg (0.94 mmole) a2etidinone from Step A, 26.3 mg paraformaldehyde and 178 mg 
(0.55 mmole) cesium carbonate was stirred in 20 ml dry tetrahydrofuran at ambient temperature 16.5 hours 
under nitrogen. A mixture of 430 u\ pyridine and 2.56 ml acetic anhydride was added to the reaction 
mixture and the stirring continued 5 more hours. The solvents were removed in vacuo to give 604 mg crude 
proauct which was chromatographed on a silica gel flash column in hexane-ethyl acetate 3/1. This gave 102 

is mg (30%) of i-acetoxymethyl-4-p-nitrophenylthio-3-n-propyla2etidin-2-one. 

NMR (COCb): 5 1.0 (tr. 3H). 1.2-1.85 (br m. 4H). 2.1 (S. 3H). 3.22 (tr. 1H). 4.95 (d. 1H). 5.18 (ABBA pattern. 
J- =30Hh. J 2 =5H 3 . 2H). 7.65 (d. 2H). 8.22 (d. 2H). 



20 Steo CPreparation of l-Acetoxymethyl-4-p-nitrophenylsulfinyl-3-n-propylazetidin-2-one 

To a solution of 46 mg (0.127 mmole) azetidinone from Step B in 4 ml CH 2 CI 2 arid 4 ml saturated 
aqueous NaHCCh was added 27 mg (0.127 mM) 80% m-chloroperbenzoic *acid and the reaction mixture 
stirred vigorously 15 minutes. The phases were separated and the organic phase was dried over MgSCU. 
2S filtered and stripped to yield 57 mg crude product which was chromatographed on a 1000 u silica gel prep 
TLC plate in chloroform-ethyl acetate 4:1 to yield 15 mg (31%) of l-acetoxymethyl-4.p-nitrophenylsulfinyl-3- 
n-propylazetidin-2-one. 

NMR (CDCh): 5 0.93 (tr. 3H). 1.2-1.8 (br m, 4H), 2.1 (S. 3H). 3.55 (tr. 1H). 4.66 (d. 1H), 5.04 (ABBA pattern. 
J. =34H 3 . J 2 =6H 3 , 2H). 8.2 (d. 2H). 8.52 (d. 2H). 



EXAMPLE 19 
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4- Acetoxy -3-n-propy lazetidin-2-one- 1 -sulfonic acid tetrabutylammonium salt 

A solution of 82 mg (0.463 mmole) 3-propyl-4-acetoxy azetkiin-2-one in 5 ml pyridine was heated to 
80' 221 Mg (1 39 mmole) sulfur trioxide-pyridine complex was added and the reaction mixture stirred at 
80* one hour. It was then poured into 100 ml 0.5M KH 2 PO* (aauecus) and washed with £x25 ml CH 2 Cl 2 . 
The combined organic washes were backwashed with 25 ml 0.5M KH 2 PO.. 157 Mg (0.463 mmole) 
BuiNHSO* was added to the combined aqueous phases. This was extracted with 2x25 ml CH 2 C! 2 and the 
combined extracts were dried over MgSO.. filtered, and stripped in vacuo to yield 12.4 mg of an oily 
residue which was chromatographed on a small silica gel column, eluted first with 75 ml hexane,ethyl 
acetate (3:1) to remove starting material, then with 100 ml ethyl acetate: methanol (4:1) to yield 13 mg 
(5 7%) 4-acetoxy-3-n-propylazetidin-2-one-l-sulfonic acid tetrabutylammonium salt. 

NMR (CDCh): * 1.0 (m, 16H). 1.75 (br m. 20H). 2.16 (s, 3H). 2.90 (br s. H). 3.1 (tr. 1H). 3.3 (tr, 8H>. 4.08 (br 
tr. 1H). 6.18 (s. 1H). 

EXAMPLE 20 



(3R.4S)-i-(benzylaminocarbonyl)>3-ethyl-3-methyl-4^(4>carbo xv)ph noxyazetidin-2-one 

Steo A: Preparation of (3R.4SVi-t-butyldimethylsilyl-3-methyla2etidin-2^ne>4-carboxylic acid 
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To a solution of 27.5 ml of diisopropylamine in 150 ml of THF at -20 # C was adced 73.5 ml of 2.4N n- 
butyl lithium in hexane. After 15 minutes, the solution was cooled to -70* C and a solution of 20 gm of (4Sv 
t-t-butyldimethylsilyla2etidin.2HDne-4-carboxylic acid in 75 mL of THF was added. The solution was warmec 
to -20 C for 15 minutes before a solution of 13.5 mL of methyl iodide in 20 mL of THF was added. After 30 
minutes at -20 to 0* C. the reaction was diluted with 300 mL of ether and then poured into a mixture of ice 
and 400 mL of 1N HQ. The layers were separated and the aqueous layer extracted with ether. The ether 
layers were washed with brine, dried over sodium sulfate and evaporated. The residue was crystallized from 
hexane to give 12-15 gms of (3R,4S)-l.t-butyldimethylsilyl-3-methyla2etidin-2-one-4<artoxylic acid 
NMR (CDClj): 6 .14 (2. 3H). .32 (s. 3H). .91 (d. 3H>. .98 (s. 9H), 3.34 (dq. 1H), 3.71JO. 1H) 



Step B: Preparation of (3R < 4S)-l-t-butyldimethylsilyh3-emyl-3-methylazetidirH2-one^carboxylic acid 

To a solution of 13 mL of diisopropylamine in 75 mL of THF at -20* C was adaed 35 mL of 2.4 M n- 
butyl lithium in hexane. After 15 minutes the solution was cooled to -70 *C and a solution of 10 gms oi 
(3R.4S)-l-t-butyldimethylsilyl-3-methyla2etidin-2-one-4-carboxylic acid in 50 mL of THF was added. The 
solution was warmed to -20* C for ^minutes and a solution of 6.7 mL of ethyl iodide in 10 mL of THF was 
added. After 30 minutes at -20* to 0* C the reaction was diluted with ether and poured into a mixture of ice 
and 1 N HCI. The layers were separated and the aqueous layer extracted with ether. The ether layers were 
each washed with brine, dried over sodium sulfate and evaporated. The residue was crystallized from a 
minimum amount of hexane to give 8.8 gms of (3R,4S>-i-t-butyldimethylsilyl-3-«thyl-3-methyla2etidin-2-one- 
4-carboxylic acid. 

NMR(CDCb): 5 .15 (S. 3H). .31 (S, 3H), .98 (S. 9H). 1.04 (t. 3H), 1.22 (s. 3H), 1.78 <q. 2H). 3.94 (s, 1H). 



Step C: Preparation of (3R, 4S>-3-6thyl-3-methyt-4>(4-carbr>t-butoxy)phenoxyazetidin-2-one 

To a solution of 13.0 gms of (3R. 4S)-1-t-butyldimethylsilyl-3-ethyl-3-memylazetjdin-2-one-4-carboxylic 
acid in 75 mL of DMF and 15 mL of acetic acid under N 2 was added 23 gms of iead tetraacetate. The 
reaction was heated at 45-50' C for 18 hours and then poured into ice water and extracted into 2 portions cf 
ether. The ether layers were washed with water, dilute sodium bicarbonate solution and brine, dried ov r 
sodium sulfate and evaporated to give 1 3 gm of crude oil containing a mixture of (3R. 4S) and (3R. 4R)-i- 
acetoxy-3-ethyl-3-methylazetidin-2-one. To this mixture in 50 mL of acetone was slowly added a solution cf 
14 gms of t-butyl 4-hydroxybenzoate in 50 mL of acetone. 5 mL of water and 29 mL of 2N sodium 
hydroxide. The reaction was stirred at room temperature for 64 hours and then diluted with water and 
extracted with 2 portions of ether. The ether layers were washed with brine, dried over sodium sulfate anc 
evaporated. The residue was prep LC'ed with 15-25% ethylacetatahexanes to give 6.3 gm of the higher R, 
(4R) ether and 1.5 gm of the desired <3R, 4Sh3-ethyt-3-methyl-4-(4-carto-t-butoxy)phenoxya2etidin-2-one. 
NMR (COCb): t 1.0 <t, 3H), 1.38 (s, 3H), 1.54 (s, 9H). 1.6-2.0 (m. 2H). 5.30 (s. 1H) 6.7 (brs. 1H). 6.78 (d 
2H). 7.90 (d. 2H). 



Step D: Preparation of (3R. 4S)-l-(benzylaminocarbonyl)*3-ethy1-3-methyi-4-(4-carbo-t-buto xy>- 
phenoxyazetidin-2-one ' 

To a solution of 1.5 gm of (3R. 4S)-3-ethyl-3-methyl-4^4-carbo-t-butoxy)phenoxyazetidin-2one in 25 
mL of methylene chloride was added 1.2 mL of benzyl isocyanate. 1.4 mL of triethylamine and 10 mg of 4- 
dimethylaminopyridine. The reaction was stirred at room temperature for 16 hours and then evaporated. 
The residue was flash chromatographed eluting with 10 to 25% EtoAc Hexane to give 2.3 gm of (3R. 4S)-i- 
(benzylaminocarbonyl>-3-ethyl-3-methyl-4-<4-carbo-t-butoxy)phenoxy azetidin-2-one. 

NMR (CDCI 3 ): 3 .98 (t. 3H), 1.36 (s. 3H) 1.50 <s. 9H). 1.62 (m. 1H). 1.84 <m. 1H), 4.42 (d. 2H). 5.64 (s, 1H). 
6.80 (brt. 1H). 7.06 <d. 2H). 7.24 (brs. 5H), 7.90 (d. 2H). 



Step E: Preparation of (3R. 4SV- 1 -(benzylaminocarbony l)-3-ethyl-3-methyl-4-(4-carboxy)phenoxyazeydin-2- 
one " " 

To 2.3 gms of (3R. 4S)-l-(benzylaminocarbonyl)-3-ethyl-3-methyl-4-(4-carbo-t-butoxy) phenoxyazetidin- 
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2-one in an ice bath under N 2 was added 5 ml of anisole and then 25 mL of precooled trifluoroacetic acid. 
After 1.5 hours at 0* C. the votatiles were removed in vacuo without h ating and the residue flash 
chromatographed using hexane. then 15% EtoAcHexane. then 1% HoAc in 15% EtoAchexanes to give 
after ether trituration 1.8 gms of <3R. 4S)-l-(benzylaminocarbonyl)-3-ethyl-3-methyl-4.(4-carboxy)- 
s phenoxyazetidin-2-one 

NMR (CDCb): 5 1.03 (t. 3H). 1.46 (s. 3H). 1.66 <m. 1H). 1.94 (m. 1H). 4.50 <d. 2H). 5.76 (S. ih). 6.9 (brt. IH). 
7.05 (d. 2H), 7.25 (brs. 5H). 7.98 (d. 2H). 

o 

w EXAMPLE 21 . 

Starting with 3.3-diethyl-4-acetoxyazetidin-2-one as prepared in Scheme (d) followed by displacement 
of the acetate with the appropriate phenol and acylation of the nitrogen with the corresponding chirai 
;s isocyanate as shown in Scheme (h) and example 20, steps C-E. the following compounds were prepareo. 
The diastereomers obtained on acylation were separated by siiica gel chromatography using 10-30% 
ethylacetate* hexane solvent mixtures. 

20 (4S)-3.3KliethyM-<(R)^thylbenzy 

• & 

NMR (COCI 3 ):5 0.9 (t.3HJ = 7Hz). 0.94 (t.3H.J = 7Hz), 1.07 (t.3HJ = 7hz) 1.65 - 2.05 (m.6H), 3.58 (S.2H). 4.8 
(q.lH, J = 8Hz), 5.58 (S.1H), 7.0 (d. IH. J = 8Hz). 7.1 - 7.45 (m,9H) 

25 (4S)-3.3KjiethyM^(RW-n-propylb^^ 

NMR (COCb): 5 0.91 (L3HJ-7HZ). 0.94 (t,3HJ=7Hz). 1.07 (t.3H.J = 7hz) 1.34 (m.2H), 1.65 -2.05 (m.8H). 

3.57 (S.2H), 4.88 (q. 1 H, J - 7Hz), 5.58 (S.1H), 7.0 (d. 1H. J = 7Hz) 7.1 - 7.5 (m. 9H) 

jo (4S)-3.3-diethyl-H(R)-a-allyi-(4-meth 

NMR (CDCI3): 5 0.96 (t.3HJ = 7Hz). 1.07 (t.3HJ = 7Hz>. 1.7 - 2.1 (m. 4H), 2.32 (S. 3H). 2.57 (t.2H. J = 7Hzl 

3.58 (S. 2H). 4.95 (q. 1H. J = 7Hz>. 5.14 <m. 2H). 5.58 (S. IH). 5.66 (m. IH). 7.03 (d. 1H. J = 7Hz>. 7.16 (s. 
4H). 7.19 (S. 4H). 



J5 



(4S)-3,3-diethyl-H(RW-allyl(3>methylenedi^^^ 
phenoxyazetidin-2-one. 

NMR (COCI3): S 0.96 <t.3H.J = 7Hz). 1.05 (t.3H.J = 7Hz). 1.65 - 2.05 (m, 4H). 2.54 <t. 2H J = 6Hz) 4.87 «q, 1H. 
40 J=7Hz). 5.05 -5.2 (m, 2H). 5.58 (s. IH). 5.66 (m. 1H). 5.94 (s. 2H). 6.76 (S. 3H). 6.98 (d. IK J = 7Hz). 7.2 
(m.4H)). 

<4SWJ-di«tfiyMM<R)-^^ 
azetidin-2-one. 

NMR (CDCh): & 0.9 (t3H.J»7Hz). 0.94 (t.3H.J =7Hz). 1.06 (t. 3H J = 7Hz), 1.3 (m. 2H). 1.65 -2.1 (m. 6H). 
3.58(S. 2H). 4.76(q. 1H. J = 7hz>. 5.58(s. IH). 5.92 (S.2H). 6.15 (S. 3H> 6.88 (d. IH. J = 7Hz). 7.2 (m. 4H). 

NMR (COCb): S 0.91 (L3HJ-7W. 0.98 (L3HJ-7H*), 1.07 (t. 3H. J = 7Hz) 1.32 (m, 2H). 1.65- 2.1 (m 6H). 
2.33(s 3H). 4.83(q. IK J = 7hz). 5.71(s, 1H), 6.93 (d. 1* J = 7Hz). 7.16 (S. 4H>. 7.25 <d.2H.J = 8Hz>. 8.04 (d. 
2H, J = 8Hz). 

55 (4S)-3.3-diethy|.1-((RH»-n-pr P yl<4-methyl)benzyiamino^^ 

NMR (COCI3): 5 0.9 (t.3HJ = 7Hz). 0.93 (L3HJ-7H*). 1.07 (t 3H. J=7Hz> 1.28 (m. 2H) 17 ' -2.1 <m, 6H). 
2.33(S. 2H). 36 (S.2H). 4.81 (q. 1H. J = 7hz>. 5.56 (s. IH). 6.93 (d. IH. J = 7Hz). 7.15 (s. 4H), 7.2 (s. 4H). 
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Claims 

1 . A compound of the formula (A) 

R 1 



CONHTH- 



wherein: 

R and R 1 independently are -» alky I or C: alkoxy C: -s aikyl; 
M is 

(1) hydrogen. 

(2) C»-i aikyl. 

(3) C2-* alkenyl, or 

(4) Ci-i alkoxy C- 5 aikyl; 
Xs is 

(1) hydrogen, 

(2) Ct-6 aikyl. 

(3) halo Ci-$ aikyl, 

(4) C 2 - 5 alkenyl, 

(5) C 2 -s alkynyl, 

(6) carboxy. 

(7) carboxyCi-* aikyl, 

(8) carboxy-C--* alkylcarbonyl. 

(9) carboxy-C--* alkylcarbonylamino. 

(10) carboxy-Cj-s alkenyl, 

(11) hyaroxy-C;-* aikyl, 

(12) C»-5 alkylcarbonyl, 

(13) Ci-s alkylcarbonyl amino, or 

(14) dHCi -4aiky1)amino-Ci-$alkyl: and 
X* is 

(D hydrogen, 

(2) aikyl, 

(3) haJo 

(4) carboxy, 

(5) C« aJkoxy. 

(6) phenyl. 

(7) C'-* alkylcarbonyl. 

(8) di-(C.-iaikyOamino. 

(9) phenoxy, 

(10) methylenedioxy, 

(11) 2.3-furanyl. or 

(12) 2.3-thienyl: or 

a pharmaceuticaJly acceptable salt thereof. 

2. A compound of Claim 1 wherein: 
R and R : independently are Ci -i aikyl; 
and 

X 5 is carboxy or carboxy-C.-* aikyl. 

3. A compound of Claim 2 wherein: 
M is C< -3 aikyl or allyl; and 

X* is hydrogen, C* aikyl, or 3.4-methylenedioxy or phenyl. 
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4. A compound of Claim 3 wherein: 
R is ethyl: and 

R 1 is methyl or ethyl. 

5. A compound of Claim 4 wherein: 
5 R and R 1 are ethyl; 

M is n-propyl: 

X s is 4-carboxymethyl; and 

X* is 4-methyl. 

6. A pharmaceutical composition for the inhibition of human leukocyte elastase which comprises a 
io nontoxic therapeutically effective amount of a compound of Claim 1 and a pharmaceutical^ acceptable 

carrier. 

7. A composition of Claim 6 wherein: 
R is ethyl; 

R 1 is methyl or ethyl: 
is M is C- -j alkyl or ally!; 

X ? is carboxy or carboxy-Ci alkyl: 
and 

X* is hydrogen Ci alkyl. 3.4-methylenedioxy or phenyl. 

8. A composition of Claim 7 wherein: 
20 R ! is ethyl: 

M is n-propyl: 

X 5 is 4-carboxymethyl: and 

Xs is 4-methyl. 

9. A process for the preparation of the compounds of Claim 1 which comprises 
25 (1) reacting a compound of the following formula (B) 



35 



50 



JO AC 



30 O NH ( B) 

O 



with a compound of the formula (C) 

HD 



(C) 



55 



wherein X* is 
d) hydrogen 
(2) C- -a alkyl, 
i3) haio-C< -s alkyl, 

(4) C 2 -s alkenyl. 

(5) C 2 -4 aikynyl. 

(6) C^ alkoxycarbonyl, 

(7) C:-* alkoxycarbonyi-C^-* alkyl. 

(8) C--4 alkoxycarbonyi-C^ alkylcaroonyl. 

(9) Ci-* alkoxycarbonyl-Ci-* alkylcaroonyiammo. 

(10) C<s alkoxycarbonyl-C 2 - 5 alkenyl. 

(11) hydroxyalkyl. 

(12) C-* alkylcarbonyl. 

(13) Ct-^ aikylcarbonylamino, or 

(14) d.-(C alkyl)amino-Ct -s alkyl under basic conditions to afford a compound of the formula (O) 
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/) NH 



CD) 



10 



and 12) reacting compound (D) with a compound of the formula (E) 



-"TO* 



js under basic conditions, and optionally converting X 5 ' into X 5 . to yield the compound of the formula . 



20 



R 1 



-N. 



' CON T0-*« 



25 



30 



10. A process of Claim 9 wherein: 
Step (1) is in the presence of an alkali metaJ hydroxide. 
Ste (2) is in the presence of a tri(Ci alkyl)-amine; and 
the conversion of X^ into Xs is accomplished in the presence of a strong acid. 
Claims tor the following Contracting States: ES and GR 

i . A process for the preparation of a compound of the formula (A) 



35 



R 1 



-N 



CONHCH- 



wherein: 

R and R- independently are Ct-* alkyl or Ct alkoxy Ci-* alky I: 
M is 

45 (1) hydrogen. 

(2) C -4 alkyl. 

(3) C2-5 alkenyl, or 

(4) C -* alkoxy-C,-* alkyl: 
X 5 is 

so (1) hydrogen. 

(2) C- alkyl. 

(3) halo Ci -s aikyl. 

(4) C 2 -* alkenyl. 

(5) C 2 -s alkynyl, 
55 (6) car boxy. 

(7) carboxy-C»-s alkyl. 

(8) carboxy-Ci alkylcarbonyl. 

(9) carboxy-C--s aJkylcarbonylamino. 
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(10) carboxy«C 2 -s alkenyl. 

(11) hydroxy-Ct-* alky I. 

(12) C:-* alkylcarbonyl, 

(13) C-.-* alkylcarbonylamino. or 

5 (14) di-<Ci -*alkyl)amino-Ct -*alkyl; and 
X« is 

(1) hydrogen, 

(2) C--<5 alky I, 

(3) halo 

to (4) cardoxy, 

(5) C<-5 alkoxy, 

(6) phenyl. 

(7) C^-* alkylcarbonyl. 

(8) di-{C ! -«aikyl)amino. 
75 (9) phenoxy, 

(10) methylenedioxy, 

(11) 2.3-furanyl, or 

(12) 2.3-thienyl; or 

a pharmaceutical^ acceptable salt thereof which comprises 
20 (1) reacting a compound of the following formula (B) 



wherein Xs is 

(1) hydrogen 

(2) C-« aikyl. 

(3) halo-C*-* alkyl. 

(4) Ci-i alkenyl. 

(5) C2-5 alkynyl. 

(6) alkoxy carbony I, 

(7) C«-4 alkoxycarbonyl-Ct^s alkyl, 

(8) C--* alkoxycarbonyl-C--* alkylcarbonyl, 

(9) C^-* alkoxycarbonyl-Ci-5 alkylcarbonylamino. 

(10) Ci-* aikoxycarbonyl-Ca-* aJkenyl. 

(11) hydroxyalkyl. 

(12) C«-i alkylcarbonyl. 

(13) alkylcarbonylamino. or 

(14) di-(<> -4 alkyl)amino-C: aikyl 

under basic conditions to afford a compound of the formula (D) 



25 




with a compound of the formula (C) 



30 
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and f2) reacting compound (0) with a compound of the formula <E) 



under basic conditions, and optionally converting X* into X 5 , to yield the compound of the formula (A) 



w 



R 1 



15 



m k^"** 



CA1 



2. A process of Claim 1 wherein: 

R and R ; independently are Ci-salkyl; and 
20 *s is carboxy or carboxy C1-5 alky I. 

3. A process of Claim 2 wherein: 
M is C -3 alkyi or ally!; and 

Xs is hydrogen, Ci -» alkyl. or 3.4-methylenedioxy or phenyl. 

4. A process of Claim 3 wherein: 
25 R is ethyl; and 

R' is methyl or ethyl. 

5. A process of Claim 4 wherein: 
R and R' are ethyl: 

M is n-propyl; 
30 X 5 is 4-carDoxymethyl; and 
X* is 4-methyL 

6. A process of Claim 1 wherein: 

Steo (i ) is in the presence of an alkali metal hydroxide: 
Step (2) is in the presence of a tri<Ct aikyl)amtne: and 
3S the conversion of X 5 into Xs is accomplished in the presence of a strong acid. 
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